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ABSTRACT 


A system called NLPQ is being developed at the Naval 
Postgraduate School as part of a research project in natural 
language man-machine communication. The basic part of the 
system consists of a rule language and programs to compile 
and execute rules. NLPO currently allows a user to enter an 
English text description of a simple queuing problem at a 
time sharing terminal, have the computer construct an In- 
ternal Problem Description, and then produce an equivalent 
English text description and a GPSS simulation program to 
solve the problem. 

Recently, a FORTRAN routine for performing a GPSS-like 
simulation was incorporated into the system. This thesis 
meports on the development of another set of rules for NLPO 
Pecans (ate anemternal’ Problem DeScription into an array 
of information required by this FORTRAN routine to perform 


the simulation. 
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TIED ei OC ON 


In present times, computer technology more and more 
embraces the concept of distribution of on-line computing 
power tO a large number of users via a complex system of 
data communications lines and sophisticated terminals. These 
systems already play an important part in the scientific, 
educational, military, and business communities by providing 
for source data input and response via typewriter, crt, or 
special purpose terminals. However, the users must learn one 
or more special computer languages in order to use one of 
these systems, and even then are limited to those tasks for 
which the language was designed. 

One way to surmount the problems of special training and 
limited capabilities of computer languages is to permit man- 
computer communication in the natural language of the user. 
Research in the area of natural language communication with 
a computer has generally focused on one major stumbling 
block, that of translating natural language statements into 
a precise data structure which may be used by the computer 
to accomplish desired tasks. Present day work centers about 
various language theories. One theory possessing con- 
siderable merit is that of Stratificational Grammar by Sydney 
Lamb 111. | 

A project to investigate methods and techniques of a 


natural. language system is being conducted at the Nava! 





ОО ІШ Monterey, California [2,3]. The 
present ns Piya of this project is to investigate a par- 
ticular application of natural language processing, that of 
describing a queuing problem to a computer in English text 

and having it execute a simulation program to solve the 
problem. The system being developed to meet the project 
objective is called NLPQ and it utilizes a more general system, 


called NLP, both of which will be described in a later section. 


A. BACKGROUND 

The basic components of the NLP system were part of the 
Ета моск (оп the project and consist of a system monitor 
made up of a number of FORTRAN programs and a rule language 
whose statements are compiled and executed by the FORTRAN 
programs. The system runs on the IBM 360/67-CP/CMS time 
sharing system at the Naval Postgraduate School. Since the 
initial work on NLP, development of the NLPQ system has 
resulted in improvements to NLP and a series of modules 
written in the NLP rule language. The names of the modules 
and the functions they perform are as follows: 

1. English decoding rules- translates English text 
representing a queuing problem into an internal structure 
КОП ас the’ Internal Problem Description (IPD) [2,3,4]. 

2. English encoding rules- processes the IPD to produce 
an' English text description of the IPD which may be compared 
Ben: Remate its text to check for accuracy [5]. 

ESE mencoding rules- processes the IPD to produc 


a GPSS program [5,6,7]. 





4. Massager rules- inspect an IPD structure and add 
information that might be assumed by a person that has some 
knowledge of the problem [8]. 

5. Interrogator rules- allows a user to enter a queuing 
problem in a question-answer mode and also inspects an IPD 
for missing or erroneous information that might result in an 
M aplete or incorrect GPSS program [8]. 

The end-product of the above modules is a GPSS program, 
which has to be run separately to perform the simulation. 

A recent addition to NLPQ is a FORTRAN simulation routine 
[9] whose algorithm is basically the same as that of the 
GPSS simulator [7]. This routine takes its input from a 
one dimensional array, called the X-Vector, structured in 
the same manner as the "internal tables" of the GPSS simu- 
Шот. Тї order for NLPQ to utilize the simulator for 
performing a simulation "on-line", it then was necessary to 
develop a translational function capable of mapping the IPD 
representing the queuing problem into the table allocations 
ЕЕ the X-Vector. 

BD THESIS OBJECTIVE 

The objective of this thesis, then, was to develop a 
но encoding rules for producing the X-Vector from an 
Eternal Problem Description. Because of the basic simi- 
larities between the X-Vector and a GPSS program, it was 
ER ied to write one set of rules which could produce both 
the X-Vector and/or a GPSS program, thereby obsoleting the 


Original GPSS encoding rules. 





C. ORGANIZATION OF THE THESIS 

This thesis is divided into five sections. Section Il 
presents a description of pertinent portions of NLP and 
NLPQ. Section III discusses a sample problem. Section IV 
presents considerations involved in accomplishing the ob- 
jective of this thesis and describes a set of encoding rules 
nich fulfill the objectives. Section V presents conclusions 


and recommendations. 
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ОО АА )ЕОСЕТРТОШ ОК NLPO 


The IPD to X-Vector translational function is a module 
constructed in the NLP rule language utilizing features of 
both the physical and logical infommatıionzstrueture ог the 
TPD to accomplish its task. It is necessary, therefore, to 
describe these features in order to better understand the 
description of the module developed to accomplish the ob- 
jective of this thesis. The cell array, being the nucleus 


of the entire system, is discussed first. 


A. CELL ARRAY 

The basic physical element of the information structure 
is called a "cell". On the IBM 360/67 the cell consists of 
8 bytes, i.e., 64 bit positions. Most cells are divided 
into four fields of two bytes each. Bytes 1 and 2 are called 
the TYPE, bytes 3 and 4 are called the ATTR (attribute) 
bytes 5 and 6 are called the ADDR (address), and bytes 7 and 
re Called the LINK. The TYPE field contains a number 
1223) that specifies the type of cell. The ATTR fied 
specifies the attribute number of the cell. ADDR is a number 
that stands by itself as a numeric value or is a pointer to 
another cell, depending on the value of type. LINK is a 
Ко пег to the next cell in a "list". In a cell of type 0 
the ue or PADDR COntains numeric information; in a type 
m el ADDR xs a pointer to another cell that contains "it 


oriented information or the EBCDIC representation of 


I 





ЕАСИ pet rs E pez cell, ADDR is a pointer to a "local 
MiS to ОЕ cells; and in a type 3 cell, ADDR is a pointer to a 
record”. 

A "list" is a group of cells connected through the LINK 
field, in which the last cell on the list has a LINK of 
zero. Both a iocal list" and a "record" may be called a 
"list". However, a "record" has special features in that the 
first cell is of type 0 and the ADDR field contains a counter 
that indicates how many type 3 cells located elsewhere in the 
ЕСА structure point to this record. 

The nucleus of the IPD logical structure is the pre- 
viously defined "record". A record represents some unique 
teem such as a book, ship, action, thought, word, etc.. 

This record, then, represents some "entity" which has certain 
"attributes". Physically, each cell of the list that re- 
presents a record, holds the value of an attribute of that 

Е сота Bach attribute has a number located in the ATTR 
field of the cell, and the cells of a record are linked in 
numerical sequence by attribute number. There are facilities 
in the system for associating a name with an attribute 
number. This may be done explicitly in a declaration or 
implicitly in the process of writing rules for an application. 

A special type of attribute is called an indicator and 
may be used when an attribute value may be specified in a 
but position as 0 or 1. The individual bit positions of 
attribute 2 are used to hold these on/off value attributes. 
The indicator name and position of these on/off attribu' >s 


as socrtatea texpricitly in a declaration. Other decl.. red 
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atterıibutes are attribute 1, named SUP, which points to 
another record considered to be a superset of the record of 
which SUP is an attribute, and attribute 10, called NAME, 
which contains the EBCDIC representation of a record's name. 
A record with an attribute 10 is considered to be a "named 
record". A reference to a named record for the entity "ship" 
ula be in the form 'SHIP'. Named records with specified 
attributes may be declared in a similar manner to attributes 
and indicators. 

The logical structure of the IPD becomes, basically, a 
group of records connected in some logical manner by pointers 
in the ATTR and ADDR fields of the attribute cells. The 
actual form of the structure depends both on predetermined 
associations created by declared indicators, attributes, and 
named records, and on dynamically created associations that 


come about when the decoding rules are applied to input text. 


В. INTERNAL PROBLEM DESCRIPTION (IPD)' 

The queuing problem that NLPQ undertakes to solve may be 
thought of as consisting of a number of unique items called 
entities. Entities are unique in the sense that each may be 
distinguished from all other items or "things" involved in 
the problem. Entities are further divided into two groups 
ealled physical entities such as a truck, gas station, ship, 
Or pier, and abstract entities such as an action or function. 
Physical entities are then grouped into stationary entities 


and mobile entities. A general description of the flow in 


T> 





a queuing problem is that the mobile entities engage 1п 
actions at the various Stationary entities. 

A problem description in English could be divided into 
the parts mentioned above. The basic structure of the 
problem would center on a sequence of actions being per- 
formed on or by an object at some location. The location 
is a Stationary entity, the object is a mobile entity, and 
the action is an abstract entity. Once the mobile entity 
completes a specific action it moves on to a following action 
at the same or a different stationary entity depending on 
local conditions at the stationary entity. 

In the IPD, entities are represented by records which 
consist of attributes and their values. Attribute values 
need not be numeric and may be pointers to other records 
depending on their complexity. The heart of the IPD is a 
structure representing the various actions that would take 
place in the problem. For most problems those actions are: 
The arrival of a mobile entity, one or more servicings of 
the mobile entity and, finally, departure. Depending on the 
problem description, multiple paths may exist between ar- 
Yival and departure. Records, representing the actions, 
are linked by pointers to form the structure. These action 
records possess certain attributes, which point to other 
records representing mobile entities and stationary entities 
M ciated wich tehat particular action. Other records in 
the IPD represent functions, including distributions, neces- 
sary to furnish a complete description of the problem. E 


pacer tor beñable to locate specific records to make att bute 
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or value changes, lists of pointers to the various entity 
records are also maintained in the IPD. There are lists of 
actions, mobile EE asc stationary entities, distributions, 
and successor descriptors. A successor descriptor is a 
record giving information about which action should occur 
next. Pointers to these list records are maintained in a 
special record called MEMORY which also possesses other 
attributes containing specific items of information necessary 
to the problem. In the GPSS structure, upon which NLPO is 
based, transactions are equivalent to mobile entities and 


a series of what are called executable blocks are equivalent 


Fer an action. 


C. DECODING AND ENCODING RULES 

In NLPQ the processing of input text to produce an IPD 
or its reverse, converting an IPD to some output text or 
structure, is performed within the framework of the Strati- 
ficational Grammar theory. This theory identifies three 
levels of language structure as being morphological, lexolog- 
ical, and semological. In general, it can be said that con- 
Siderations at the morphological level are highly dependent 
on the particular language, while semological elements are 
concerned with relationships or meanings and are relatively 
language-independent. Тһе lexology represents a middle 
ground, but is still language-dependent. Consequently, in 
the Dane process, morphological and lexological rules 
Ere applied first in processing input text, and semologi “al 


rules develop the structure representing the meaning c he 
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text, (i.e., the IPD). The encoding process applies semo- 
logical rules to the IPD first, and then rules at the lexo- 
logical and morphological levels to produce English text, 
GPSS code or the specific elements of the X-Vector. 

Details of the decoding process may be found in [2] and 
ІЗІ, and will not be included in this section as they are 
E germain to this thesis. Because the encoding process is 
applied to translate the IPD to the X-Vector, the encoding 
rule processing procedure will be discussed here. 

The nature of the encoding process is such that at every 
Step of the IPD-to-output translation there are certain 
temporary records, called segments, created. These temporary 
records are processed by applying rules until an output 
occurs. At any step in the process any segment may be 
identified by a unique name known as a segment type name. At 
the time of compilation, a permanent record known as a seg- 
ment type record is created. This record has a name attribute 
containing the name of the segment type and another attribute 
pointing to a list of encoding rules that have that name on 


the left of the arrow. The format of the encoding rules is: 


SEGMENT TYPE (CONDITION 1, CONDITION 2--) --> 
SEGMENT TYPE (АСТІОМ 1, АСТІОМ 2,--) 
SEGMENT TYPE (ACTION 1, АСТІОМ 2,--) 
- A rule consists of a left side and a right side, separated 
by the symbol ->. The right side may consist of more than 
one segment type. When a segment identified by the segment 


moe On the left is encountered and the conditions in 
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parentheses are met, segments identified by the segment types 
one chic еке are created and the actions in parentheses per- 
formed. These segments in turn are processed by rules with 
their segment type identifier on the left. Typical conditions 
on the left are the presence or absence of an indicator or 
attribute in the segment, satisfaction of some relationship 
between two values, or similar tests on attributes or in- 
dicators of some other record. Actions performed may be 

such things as addition or deletion of attributes or indicators 
EOM record or copying of all or part of a record into the 


newssegment. 


D. INTERROGATOR/MASSAGER 

Details of these two modules are contained in [8] and 
only a brief explanation is provided here for an overall 
understanding of the system. The object of the Massager is 
to provide values that might logically be assumed by a person 
knowledgeable about the queuing problem. All assumptions are 
expected to be non-controversial. The interrogator operates 
in a question-answer mode and permits entry of the problem 
piecemeal; or it may be used to inspect the IPD once the 
problem has been described, to detect erroneous or in- 
ponplete information. The interrogator is involved auto- 
matically by the system after decoding and massaging have 


occurred and before encoding takes place. 


fee) FORTRAN SIMULATION ROUTINE 
= simulation routine is completely des: -ibed 


in [9], but a short description will be provided here. (һе 
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routine takes its input from a single dimensioned array, 
known as She X-Vector, and is initialized by the calling 
progra sine Structure of the information in the array 

Ше basically that of the GPSS internal tables. The calling 
program must build in the array allocations of groups of 
contiguous elements that constitute GPSS entities. These 
Fl i les consist ot STORAGES, QUEUES, TABLES, FUNCTIONS, 
ZARITABLES, SAVEVALUES, and BLOCKS. 

STORAGE and QUEUE allocations are made for the stationary 
entities of the problem. TABLE allocations occur for the 
problem's mobile entities. FUNCTION allocations evolve from 
the distributions and problem conditional paths. VARIABLES 
occur as needed, such as to describe a normal distribution. 
BLOCKS evolve from the various problem actions that occur. 

These allocations may be placed anywhere in the X-Vector 
except for the first 32 elements. Eleven of the first 32 
elements are reserved for certain attributes needed for all 
problems, and the remaining 21 contain information about what 
is in the rest of the array. Two locations for each entity 
in the first 32 elements contain the number of entities of 
phat type and a pointer to a directory that points to each 
location кел спе Еуре Тһе X-Vector tor a sample problem 


ull be shown in the next section. 


F. ROUTINES 
Basic to the construction of the X-Vector is the concept 
See cule-FORTRAN communication. This is accomplished th-ough 


the use of "routines". Routines make it possible to · 
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processing that cannot be specified in the NLP rule language. 
ir order to do this, these routine names and identifying 
numbers must be declared prior to compiling the rules, and 
the actual routines must be incorporated into the FORTRAN 
program. For this thesis routines were written to store 
values in the X-Vector and to retrieve values from the 


X-Vector. A listing of these routines appears in Appendix A. 
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ШЕШ SAMPLE PROBLEM 


Figure L, extracted from Ref. 2, is an example of a 
queuing simulation problem. This English description was 
produced by encoding an Internal Problem Description in the 
manner described in Ref. 2. 

The GPSS/X-Vector rules were applied to the same IPD, 
and the results are listed in Figure 2. Each GPSS statement 
is followed by its equivalent in the X-Vector. Where three 
numbers are listed, they give the X-Vector element number, 
the value of the left half of the element, and the value of 
the right half. Where there are only two numbers, they give 
the X-Vector element number and its decimal value. 

As can be seen, first a SIMULATE block is put out with 
no corresponding X-Vector allocation. Then an RMULT statement 
with 8 seeds is emitted. Next, the seeds are entered in pre- 
designated elements 3 through 10 of the X-Vector. Then СР55 
BOU statements for stationary entities STATI and PUMP2 are 
issued. Corresponding X-Vector STORAGE and QUEUE allocations 
an made. GPSS TABLE definitions come next, with TABLE al- 
locations made in the X-Vector. The following four FUNCTIONS 
and FVARIABLE are handled in the same manner. Following these 
are block allocations, beginning with a GENERATE block, and 
ending with a TERMINATE block in the timing loop. Next are 
the START and END control statements. Then the entity 
ENrectories are set up and pointers placed in the appro, iate 


locations within the first 32 elements. Finally, the 
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Ens л ОО ИО =з are backstuffed into the third 
argument of a text block allocation and the second argument 
of a transfer allocation. 

Figure 3 shows the layout of an X-Vector, with some 
information from the sample problem. First are the STORAGE 
and QUEUE allocations. A QUEUE allocation follows every 
STORAGE allocation. Then come the exponential and normal 
FUNCTION allocations, if required, followed by other FUNCTION 
allocations. VARIABLE allocations come next, followed by 
BLOCK allocations. Then come the directories which are in 
the same order as the allocations. 

The following example describes the use of the directory 
to locate an allocation. Тһе contents of element 12 specifies 
that there are 2 storages and element 13 contains a pointer 
to the STORAGE directory, in this case, element 336, one less 
than the location of the first element in the directory. The 
two elements in the directory (337 and 338) contain pointers 
to the allocations, which begin in elements 33 and 51. The 
elements of each allocation are filled by the calling program 
Or reserved for use by the simulator to collect statistics 
düring simulation. A complete description of the significance 
of each allocation element may be found in Ref. 9. Those 
elements filled by the GPSS/X-Vector encoding rules, will 
be described in the next section. 

Zweiter Sample problem is given in А ррепа p BE; EP 


the "Harbor Problem" which originally appeared in Refs. 5 and 


а 





6. In the appendix the named records defining the IPD are 
given first, followed by the encoded English problem descrip- 
СА) then the Output produced by the GPSS/X-Vector encoding 


rules is given. 
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THE VEHICLES ARRIVE AT THE STATION. THE TIME BETHEEN 
ARRIVALS OF THE VEHICLES AT THE STATION IS NORMALLY 
DISTRIBUTED, WITH A MEAN OF 8 MINUTES AND A STANDARD 
DEVIATION OF 2 MINUTES. 75 PERCENT OF THE VEHICLES ARE 
CARS, AND THE REST ARE TRUCKS. AFTER ARRIVING AT THE 
STATION, IF THE LENGTH OF THE LINE AT THE PUMP IN THE 
STATION IS LESS THAN 2, THE VEHICLE WILL BE SERVICED AT THE 
PUMP IN THE STATION. OTHERWISE, THE VEHICLE WILL LEAVE THE 
STATION. THE TIME FOR THE VEHICLES TO BE SERVICED AT THE 
PUMP IN THE STATION IS EXPONENTIALLY DISTRIBUTED, WITH A 
MEAN OF 5 MINUTES FOR THE CARS, AND 9 MINUTES FOR THE 
TRUCKS. AFTER BEING SERVICED AT THE PUMP IN THE STATION; 
THE VEHICLES LEAVE THE STATION. | 

THE SIMULATION IS TO BE RUN FOR 8 HOURS, USING А 
BASIC TIME UNIT OF 30 SECONDS. 


FIGURE 1 — ENGLISH DESCRIPTION OF THE SAMPLE PROBLE" 
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IV. GPSS/X-VECTOR ENCODING RULES 


This section will discuss the logic flow and details of 
the GPSS/X-Vector encoding rules. An overview will be pre- 
sented first, followed by a detailed description of the rules. 
Е аі х C contains a listing of the rules, each of which is 
numbered for ease of reference. Appendix D summarizes the 


various segment types and the attributes they normally hold. 


A. OVERVIEW OF THE GPSS/X-VECTOR RULES 


APPENDIX C is divided into the following six parts: 


1. Indicator, Attribute, Routine, and Named 
Record declarations 

2. Semology for encoding GPSS/X-Vector 

3. Lexology for encoding GPSS 

4. Morphology for encoding GPSS 

с несу for encoding X-Vector 

6. Morphology for encoding X-Vector 

Indicator, Attribute, and Routine. declarations estabiish 

records which associate a symbolic name with a number to be 
used in the rule processing phase. Named Record definitions 
create records with a NAME attribute value as designated in 
the left column and other attribute value pairs as shown in 
Bene The form 'NAME' in parentheses sets the value 
ema tribute 1, the SUP attribute, to point to the specified 


named record. 
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The structure of the GPSS/X-Vector rules is Dbased on the 
eat of a GPSS statement consisting of the following four 
fields: 

Label field-identifies or points to a particular 
GPSS block. The attribute LABL represents 
this field. 

Operation field- identifies the nature of an 
action or definition statement. The SUP at- 
tribute of a STMNT segment represents this 
field. 

Mod field- amplifies the operation field. The 
attribute MOD of segment STMNT represents 
this field. 

Argument field- may contain from one to seven 
separate arguments called Standard Numerical 
Attributes, depending on the nature of the 
operation field. The attributes ARGA through 
ARGH represent this field. 

The rules are divided into five groups. There is one set 
ОҒ semological rules, whose function is to examine the IVD 
and produce STMNT segments, roughly corresponding to the 
ENutements ot a GPSS program. The GPSS lexology produces 
other segments with the information from the STMNT segments 
in an order appropriate for a GPSS program. The GPSS 
morphology actually produces the output from these segments. 
Similarly to the GPSS lexology, the X-Vector lexology also 
produces other segments with the information from the $T NT 


—oments, bur in an Order appropriate for the X-Vector. The 


| 30 





X-Vector morphology actually places the information in the 
X-Vector. The following discussion will provide an overall 
view of the logic flow involved in the processing. 

The creation of the segment GPSSPROG provides entry 
into the GPSS/X-Vector rules at the semological level. From 
GPSSPROG, two processing segments, INITIALGPSS and SETAGL 
E. created to preset the values of various attributes. The 
rest of the segments created by GPSSPROG lead ultimately to 
a STMNT segment with, as appropriate, SUP, LABL, MOD, and 
ARGA through ARGH attributes.  Preprocessing of certain 
STMNT segments as determined by the conditions on the left 
is done in rules 41 through 45, but ultimately all STMNT 
segments are processed by rule 46 and passed to the GPSS 
and X-Vector lexological level rules by the creation of 
segments GSTMNT and XSTMNT. The setting of indicator at- 
tribute NOCOPY prevents production of GPSS code or the 
X-Vector unless the indicator attributes GPSSSW of MEMORY 
or XVSW of MEMORY are set. Then the segments GSTMNT or 
КОЛКО бт both become a copy of STMNT, and attribute NOCOPY 
is erased. 

At the GPSS lexological level the segment type GSTMN? is 
tested for various conditions on the left and produces seg- 
ment structures that represent X-Y coordinates of a GPSS 
FUNCTION or comments to be inserted at each occurence of an 
N rion in the GPSS program. A GSTMNT segment type rule with 
no conditions on the left processes, with three exceptions, 
all other = ОШ ШЫ passeastorthis level and creates a sc = 


ment structure representing the contents of the various “ields 
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of a GPSS block. At this stage in the development of NLPQ 
most GPSS code will have only three arguments. However, 

the three exceptions mentioned above, a segment type GSTMNT 
Ші а SUP attribute of 'RMULT', 'SELECT', or 'TABLE' may 
have as many as seven arguments. The final segment created 
at this level is of type ARG and is processed at the morpho- 
logical level. 

GPSS morphological level rules process the ARG segment 
records to produce, ultimately, a segment of type OUTPUT 
which causes an output at the terminal or to an internal file, 
eomp lete with control functions such as line skip or tab. 
Output may be characters from the EBCDIC value of a NAME 
attribute or a numerical value from the ADDR field of a type 
O cell. A determination is made by examining the TYPE field 
of the ARG T A type O causes creation of a NUMBER 
segment which goes to OUTPUT. A type 1 results in a NAME 
segment which goes to OUTPUT. A type 2 cell does not occur, 
a type 3 causes creation of a PARG segment whose subsequent 
rules test for various conditions on the left and create seg- 
ments that output characters or numerical values to fill the 
argument field of a GPSS block. 

X-Vector lexological rules process XSTMNT segment types 
created at the semological level to produce allocations of 
contiguous cells in the X-Vector for entities required by the 
FORTRAN simulation routine. At this level allocations for 
КШОКАСЕ5, QUEUES, TABLES, FUNCTIONS and VARIABLE entities 
are set along aub directory and a directory locator 7 >r 


Bach entity. —XSTMNT segments representing GPSS block e. cities 
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are processed by rule 127 with no condition on the left, and 
it indirectly creates segments of type XARGFLD to fill the 
elements of a BLOCK argument field with the proper Standard 
Numerical Attribute (SNA) or numerical value. One exception 
to the general structure of this level is an XSTMNT Segment 
with a SUP of 'RMULT' which is processed by tnis rule to load 
E designated X-Vector elements 3 though 10 with random 
number seeds. Segments resulting from this level are of type 
EC CODE, AVECTOR Or XARG. 

At the X-Vector morphological level, processing of an 
XCODE segment creates a segment of type XVECTOR which outputs 
numerical values to the various X-Vector allocation elements 
by calling upon routines. А segment of type XARG is examined 
for its type. A type of O causes creation of an XVECTOR 
Segment, a TYPE of l or 2 goes to null, a TYPE of 3 creates 
an XPARG segment, whose rules then cause an output to load 


the elements of each block entity. 


РИО GPSS/X-VECTOR RULE EXPLANATIONS 

This section will describe the rules of APPENDIX C in 
detail. The declaration items there will be discussed along 
with the rule explanations. 

1.  Semology for encoding GPSS/X-Vector 

а.  GPSSPROG (Rule 1) 
Processing of this segment type creates 13 seg- 

ments, 11 of which represent all of the elements required 
for a GPSS program. The other two, INITIALGPSS and SETAGL, 


pertorm certain initializing actions. The record MEMO 15 
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ezan ЕО locate, in the IPD, the stationary entity list 
(SELIST), mobile Ena Ms ES (MOBLIST), distribution list 
ПЕШЕР Successor list(SUCLIST), and the action list 
(ACLIST).  STMNT('SIMULATE') and STMNT($'SEEDS') initiate 
actlon to output a SIMULATE block and an RMULT card.  EXPFUNC 
and NORMFUNC initiate output for exponential and normal 
ЕЕ butions, if required. TMLOOP creates the timing loop. 
БЕ ID TTIAJLGPSS Rule 2) 

The created segments initialize the GPSS and 
X-Vector random number counters GRNNO of MEMORY and XRNNO of 
MEMORY, and attribute LR of eight named records whose value 
is the number of the last attribute of that record. If the 
indicator XVSW of MEMORY is set, i.e., its value is other 
than zero, a call to the routine ZEROXV is made to initialize 
arl elements of the X-Vector to zero. 

C. SELIST and STENTITY (Rules 4, 5, 8) 

Rule 4- creates a copy of each stationary entity 
Record 1n the IPD for further processing. The condition on 
the left(LC.LE.LASTREC) is common to all rules examining the 
various lists. The LC attribute is initially set to 11 in 
GPSSPROG and is incremented until it is equal to the at- 
tribute number pointing to the last entity on the list. When 
the condition is met, rule 5 then applies and no further 
processing is done, as a NULL segment is created. The at- 
B ibute IPDP points to the original record in the IPD for 
later use in the X-Vector processing rules. 

Rule 8- creates an EQUCARD and a STMNT wnoict will 


cause a STORAGE definition output unless the stationary 
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entity is a facility. However, a STORAGE will be assigned 
im the X-Vector for both a STORAGE and a FACILITY. An IPDP 
sr ili o росппсіпо ыс the IPD record is also included. 

О MELIST and MENTITY (Rules 6, 7, 9, 12) 

Rule 6- creates MENTITY, a copy of each mobile 
entity record. 

Rule 9- creates EQUCARD and TABLECARD. 

Rule 12- creates a STMNT for a GPSS TABLE 
definition and an X-Vector TABLE allocation. Presently ARGA 
is preset to tabulate Ml, the elapsed time from transaction 
generation to termination. : Values of the attributes LOWINT, 
INTWIDTH, NUMINT are presently set in the Massager. 

e.  EQUCARD (Rule 11) 

Creates a STMNT for a GPSS EQU card that equates 
the value of an entity's IDNAME and its IDNO. There is no 
equivalent X-Vector output. 

F s DAD C NNORMBRUNGONEDESTLISTISSUCLIST, FNDEE 

(Rules 14, 157 l6; 17; 18, 19, ZEE) Аы! 

Create a FNDEF which in turn creates a STMNT 
segment for a FUNCTION definition. 

When the queuing problem requires exponential or 
normal distributions, records with a SUP of 'EXPON' or 
'NORMAL' are created and placed on the distribution list 
("DSTRLIST'). The massager examines the distribution list 
and sets вот саеохе EXPUSED Ok MEMORY or NORMUSED of 
MEMORY when appropriate. If the indicators are present, then 


s 14 and 16 create a FNDEF, a copy of the named recc ‘ds 
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IEXPONRECT Or 2NORMREC?’, with the attribute IPDP pointing to 
A named records. 

Rules 18 and 20- create 2 FNDEF for each dis- 
tribution record and 2 successor descriptor records requiring 
ENrunction definition. Both set IPDP attributes pointing 
tO an IPD record. 

Rule 22- a condition on the left, the presence of 
an XYLAST attribute, eliminates the processing of segments 
with a SUP of 'EXPON' or 'NORMAL' created by rule 1, as 
exponential and normal distributions were already handled by 
rules 14 апа 16. Segments from Rule 20 that do not require a 
FUNCTION. definition are also passed over. The first STMNT 
segment created produces, ultimately, a GPSS function def- 
inition and the first elements of an X-Vector function al- 
location. The second STMNT segment is processed by rules 
at lower levels to output GPSS function follower cards and 
X-Vector X and Y coordinate elements. The value of ARGB 
is a copy of the named record 'ARGREC' which is given the 
attributes FNTYPE(function type) and NOPTS(number of points). 
The values of these attributes are used when processing st 
lower levels to produce a character and number, such as D2, 
that represents argument B of a function definition. 

SEED UEDSTEand*bDISPDER (Rules 24, 25, 26, 27) 

These rules examine the distribution list for a 

record representing a normal distribution and issue a STMNT 


ШӘ define an FVARIABLE for the distribution. 
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DONE pir ST АСТТ, апа ACT (Rules 28 through 36) 

Rule 28- creates АСТТ, а сору of a specific 
action record from the IPD. “he value of attribute IPDP of 
MEMORY is a pointer to the original action record. 

Rule 30- creates a STMNT that is processed ul- 
timately to output a comment card that precedes each group 
E GPSS blocks representing an action. The segment ACT is 
ter processed to produce a series of STMNT segments for 
issue of GPSS blocks or X-Vector allocations representing 
the action. 

Rules 31 through 38- process an action record and 
create a series of STMNT segments representing a standard 
set of executable blocks for each particular type of action. 

Rule 31- represents the arrival of a mobile entity. 

Rules 32 and 33- examine action records for a SUP 
attribute in the set 'ACTIVITY'. Rule 32 handles the situ- 
ation in which the stationary entity is a STORAGE, and Rule 
BEES for a FACILITY. 

Rule 35- the action SEGMNT with a sup of 'LEAVE' 
creates segments Ton TABULATE, LEAVE, and TERMINATE blocks. 

i.  SUCSTMNT (Rules 37, 38, 39) 

The records processed by these rules are a copy 
спе SUCC(successor) attribute of an action record. Suc- 
cessors may depend on some condition such as the availability 
Be a Pie eomesterage Or the length of a line to deter- 
mine which of two or more actions are to take place. The 
SUP of the successor record determines the attributes oí the 


STMNT segment created. A SUCSTMNT with a SUP of 'ОТУР' 
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produces STMNT'S for TEST and TRANSFER block. PSU OE 
'FTYP' Cum oles pLoduces STMNT"S for GATE and TRANSFER 
blocks. If none of the above conditions is met, a STMNT for 
a TRANSFER block is created. 

j. TMLOOP (Rule 40) 

The STMNT segments created here will cause pro- 
cion of GENERATE and TERMINATE blocks and START and END 
cards in GPSS. GENERATE and TERMINATE block allocations 
will also be made in the X-Vector. However, STMNT segments 
with a SUP of 'START' or 'END' cause other processing, the 
details of which will be given in the explanations for rules 
ШОО апа 120. 

k. STMNT (Rules 41 through 46) 

Rule 43- if ARGA points to a record with a SUP of 
'UNIFORM' the argument field of that STMNT requires ARGA and 
ARGB to completely describe the uniform distribution. The 
argument values are taken from the MEAN and RANGE attributes 
of the segment being processed. 

Rule 44- the same reasoning as in rule 43 applies. 
In this case ARGB points to a named record 'SNAREC' and 
attributes NAM and NUM are assigned. Their values are cutput 
through rule 77 for GPSS and rule 145 for the X-Vector. 

Rule 45- tests the STMNT created by rule 38 to 
determine the value of MOD and the contents of the argument 
field Гог а GATE block. 

Rule 46- as mentioned previously, this rule 
Encdgtes segments GSTMNT or XSTMNT or both if the GPSSSW of 


MEMORY ana XVSW of MEMORY indicators are set. The same 
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record is sent to GPSS and X-Vector rules for processing to 
produce their own particular output. 
2. Lexology for encoding GPSS 
а. GSTMNT (Rules 47 through 51, 54) 

Rule 47- if the indicator NOCOPY is set, a GPSS 
Statement is not produced. 
| Rule 48- the presence of attribute XYLAST creates 
an XYOUT segment and initiates the output of the X-Y co- 
ordinates of a FUNCTION definition. 

Rule 49- prevents the output of a STORAGE 
definition for a FACILITY. 

Rule 50- in rule 35 ARGB of the segment was as- 
signed the value that a GPSS TABULATE block would have in 
ARGA. This rule moves the argument values to the left one 
Place, 

Rule 51- the segment NEWLINEI creates an OUTPUT 
segment in rule 89 and causes the output to start in column 
l of a new line each time it occurs. Any single symbol such 
as * that is separated by one or more spaces from the rest of 
the segments on the right side of a rule is printed out 
literally. The same action occurs for various rules in rhe 
GPSS morphology. Segment COLUMN7 tabs the output to column 
7. segment COMMENT becomes a copy of GSTMNT. 

Rule 52- the PHRASE rule is part of the English 
encoding rülcsland causes a printout of the п оао 


mabute CHARS of comment. 
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Ia s izes another rule from the English 
encoding rules to output the comment prior to the group of 
GPSS blocks representing each action in the IPD. 

Rule 54- all the rest of the segments are pro- 
cessed by this rule which creates segments with attribute- 
value pairs representing the various fields of a GPSS state- 
ment. Segments NEWLINE2, COLUMN8, COLUMN13, and COLUMN19 
are editing segments. They cause a new line to be begun, 
start the label field in column 2, the operation field in 
column 8, the mod field in column 13 and argument field іп 
column 19. The attribute APTR is assigned the value of each 
argument attribute in turn. The attribute COMCNT of MEMORY 
and NCOM are used to determine when commas need to be output 
for missing arguments. 

b.  ARGDH, LABFLD, MODFLD, and ARGFLD 

Cules 55, 57, 59, 61) 

Rule 55- processes segments 'that have attributes 
ARGD through ARGH. 

Rule 57 and 59- creates ARG segment with a DATA 
attribute equal to the LABL or MOD attribute of their se yment. 

Rule 61- creates segments COMMAS and ARG witn 
attributes NCOM and DATA, respectively. 

c OUT amd EINE (Rules 63, 64, 65) 

The object of these rules is to continue the 
processing required to output function X-Y pairs. The 
computed value of the attribute LAST of LINE limits the 


gapu tO 4 pales per line of output. 
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Rule 64- attribute DATA of ARG is set equal to a 
copy of the named record 'DECREC' which is given an attribute 
of NUM, the value of which is numerical or a record re- 
presenting one of the coordinates. This is done when LINE 
is a segment which is a copy of EXPONREC or NORMREC, and 
also to specify that the exponential or normal distribution 
coordinates are to be output as decimals, as 'DECREC' has a 
SUP of  DECIMAL'. If the indicator EXPNORM is not set, the 
attribute DATA is then placed equal to the NUM of DATA. When 
four pairs of coordinates have been printed out, i.e., the 
condition LC is greater than LAST exists, rule 65 applies 
and starts the sequence over by creating an XYOUT segment. 
The sequence ends when XYLAST of LINE is exceeded. 

ООО ШОТ ОЛО! Оду for encoding GPSS 
a. OPFLD (Rules 67, 68) 

Processing the NAME segment causes a printed 
ЕЕ ОГ ЕЛЕ value of its CHARS attribute. As the value of 
the NAME attribute of the named records 'TERMINAT' and 
'FVARIABLE' can only be 8 characters and the two words are 
9 characters, their operation fields must be put out this way. 

p UPA ARG (Rules 69, 70, 71) 

The FORTRAN routine GETYPE determines the TYPE of 
cell and the ARG rules create a PARG segment, which would be 
a record, for further processing, or a number segment that 
euses numerical printout, or a NAME segment which causes a 


printout of characters. 





С. PARG (Rules 72 through 85) 

Processing of segments by these rules cause an 
ОШООО Ot arguments A through H of the GPSS block for various 
Eondrtions on the left. 

d. COMMAS (Rule 86) 

Causes the output of a comma following each 
ment of the argument field except the last. If an 
argument is not required a comma is filled in for it. 

e. NEWLINE1, NEWLINE2, NEWLINE8, COLUMN7, COLUMN8, 

COLUMN13, COLUMN19, NAME, NUMBER, and DECNUMB 

(Rules 88 through 98) 

ЕЕ ОВ that Cause Output edit 
ing, and output of integers, decimals and characters. At- 
tribute 11 specifies how many lines to skip, attribute 12 
specifies the column tab, attribute 13 the character output, 
attribute 14 integer output, and attribute 15 a decimal 
output. 

rare 2ology for Eneoding X-Vector 
ә ПИ ее 100 through 104, 107, 109, 110, 

Шер Шо 120; 7127) 

Rule 100- the four conditions on the left cause 
ESIMNTI to go to null.  Segments with a SUP of 'COMMENT' or 
EESU' or 'SIMULATE' cause no output to the X-Vector. 

Rules 101 and 102- facilities are treated as 
STORAGES with a capacity of l by the simulator- so segments 
Euh a SUP of 'SEIZE' or 'RELEASE' are converted to the 


O PAGE associated statement 'ENTER' or 'LEAVE'. 
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Rule 103- initiates output of eight random number 
seeds to the X-Vector. The value of the attribute FX of 
MEMORY, at any time, points to a specific X-Vector element 
one less than the beginning of free storage. The attribute 
INDX of MEMORY is deleted to insure that FX of MEMORY will 
be incremented by 1 each time a seed is loaded into the 
X-Vector. FX then takes the value of the last element of the 
allocation. 

Rule 104- the two segments created here are 
processed further to produce one STORAGE and one QUEUE al- 
location. A OUEUE allocation is produced along with each 
STORAGE allocaticn. 

Rule 107- this rule creates segments that produce 
a TABLE allocation. Segment SETDIR is created by this rule 
Eud in rules 105, 106, 109, 118, and 127 to store pointers 
to allocations of each entity. Later these pointers will be 
inserted in a directory for each entity at the end of all 
STORAGE, OUEUE, TABLE FUNCTION, VARIABLE, and BLOCK al- 
Mecations. At that time a pointer to the directory will be 
inserted into its proper location in one of the first 32 
elements. The attribute DIR of SETDIR points to a list of 
pointers for each entity, in this case 'TABDIR'. When the 
Segment SETDIR is processed in rules 135 and 136, the value 
Пс actribuce LABL is incremented by 10 to give the at- 
tribute number of 'TABDIR' at which the allocation pointer 
1s stored. The attribute LR of 'TABDIR' holds the value 


вере highest numbered attribute in the record for la 
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use in transferring the pointers to their directory in the 
K Vector. When all allocations are made, there may be un- 
assigned attributes in the list. An element is saved in the 
directory tor the “missing” allocations as an allocation 
pointer's position in the directory provides an index to be 
used by the simulator to associate that entity with the various 
executable BLOCK arguments. This discussion of allocation 
pointer assignment was provided here to insure the continuity 
of the explanation rather than have it occur piecemeal in 
discussions of various rules. The values of attributes INDX 
and RIGHT of the X-Vector segments are the relative location 
in the allocation and the value to be placed in the right 
half of the element. The value of INDX is later added to the 
value of attribute FX of MEMORY to produce an absolute 
X-Vector index in which to store the value of RIGHT. FX 
of MEMORY acts as a base address for each allocation. INDX 
Б е have the value 0. Element 6 contains the width of 
table frequency classes, element 8 the number of frequency 
classes in the table, and element 9 the upper limit of the 
lowest interval. The simulator uses the other elements in 
the allocation to collect statistics during the simulaticn. 
The above description of X-Vector attributes apply also to 
rules 105, 106, and to the segment XCODE in rule 109. The 
value of INDX of NXTALPTR is the relative location of the 
last element in the allocation. In this case, the value of 
ARGD was added to allow one element for each frequency class. 
Rule 108- processes the NXTALPTR segment ап: 


places the sum of the base address, the value of. attribuce 
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Por Of MEMORY; and the relative address, the value of INDX, 
ШІ FX of MEMORY. This rule processes segments from rules 
105, 106, 107. 

Rule 109- segments are created that produce the 
first 5 elements of a FUNCTION allocation. The general ex- 
Pan r Lion in rule 107 applies here. Elements 2 and 4 of this 
allocation require the codes -23 and -25 in the left half 
of elements 2 and 4. The 2 XCODE segments are created with 
attributes INDX and LEFT to cause entry of the above codes 
in elements 2 and 4. XCODE rules later make the value of 
the LEFT attribute negative. Therefore, the initial assign- 
ment is always a positive number.  XARG segments are pro- 
cessed like ARG segments in rules 69 and 70. At later stages 
of processing, the value of the attribute INDX in rule 107 is 
placed into INDX of MEMORY to be added to the value of FX of 
MEMORY. Here, INDX of MEMORY is directly assigned a value. 

БК ИЕ Ере VALTYPE segment causes Tutor eo 
cessing to put the values 0 or 1 in the left and right halves 
of element 6 of a function allocation to signify whether the 
X and Y coordinates are integers or decimals. Values of the 
XXYOUT attributes are used in the processing of each at- 
tribute of the segment to extract X and Y values. The value 
of NOPTS is the number of pairs in the FUNCTION. The value 
EN ALL an this instance, is the relative location of each 
X value in the allocation and, added to the value of NOPTS, 
Provides a relative location for each Y value. 

twee segments that produce a VARIABLE l- 


location are created here. SETDIR is as described in r le 
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ШОЛ ЛОТ Еле output of this and BLOCK allocations, rule 127, 
EX of MEMORY is incremented by 1 to locate absolutely each 
element in the allocation. The value of attribute INCREMENT 
femadded со PX of MEMORY to locate the first allocation 
element. Subsequent incrementing is done in a loop. So that 
the value of INDX of MEMORY will not give erroneous locations, 
Rie attribute is erased. 

Rule 119- these segments process the START state- 
ment. For the X-Vector, a mode code of 1 is put into element 
1. The FORTRAN simulation routine takes certain initializing 
actions when a 1 is detected here. The code of 1 represents 
the action SIMULATE/START as opposed to RESET/START or 
CLEAR/START or just START. A more complete description is 
provided in Ref. 9. ХУЕСТОВ places the value of argument A 
of a START block in X-Vector element 2. The value represents 
the number of time elements that the simulation routine is 
to run. It is presently 1. 

Rule 120- when all allocations are completed, 
this rule creates segments for all entities that are pro- 
cessed to build the entity directories and insert the ргорег 
values into elements 1 through 32. TRANSPTR causes the index 
of the last element assigned a value to be put into element 
25 of the X-Vector. It locates the remaining free storage 
me tne X-Vector, in which the simulation routine will Бит а 
E action allocations for the mobile entities that move 
through the model. 

j l БІЗ rule processes all segments ` >= 


presenting executable blocks, plus one that is not. SL SIR 
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151 аз described for rule 107. A test on the LABL attribute 
is done to determine whether the segment being processed is 
one representing the first block of a group that represents 
an action. The BLOKNO attribute is added to the original IPD 
action record for future reference. The value of BLOKNO will 
Moe be loaded into an element representing a block argu- 
ment that specifies to which action a transfer must occur. 
The XVECTOR segment causes a code identifying the block to 
be loaded into the left half of the allocation lst element 
and a pointer to the original action record into the right 
half. 

b. XARGAC, XARGDH, XMODFLD, and XARGFLD 

ЕЕЕ m1229; 131, 132,133) 

Rules 128 and 129- XARGFLD segments are treated 
in a manner similar to the ARGFLD segments of rules 54 and 
55. The value of attribute APTR is the value of the ARGA 
through ARGH attributes assigned in the semology. The value 
of NCOM is used to skip allocation elements if an argument 
15 not present, similar in manner to the output of commas 
for arguments not present in a GPSS block. Segments with a 
UE or 'RMULT', 'SELECT', or 'TABLE' have more than three 
arguments so the XARGDH rule takes care of ARGD through ARGH 
attributes. In rule 128 the segment XMODFLD is created to 
mud the last element of any block allocation with a code of 
-33 in the left half and a code in the right half depending 
on the value of the MOD attribute assigned in the semology. 

Rule 131- when the value of the last seed 3 


placed in element 10 FX of MEMORY points to the. free storage 
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available for entity allocations, normally a storage 
EE son. 

Rule 132- the value of RIGHT depends on the value 
of the MOD attribute. If there is no MOD attribute, RIGHT 
then equals the value of attribute XMOD which comes only 
from segments with a SUP of 'GENERATE' or 'ASSIGN' in rule 
31. A sup of 'GENERATE' places a pointer to a mobile entity 
in the right half. A sup of 'ASSIGN' places a code in the 
right half that signifies the operation to be accomplished 
between its argument values. At present, the only code is a 
2, which signifies replacement. 

eM STORAL and OALL (Rules 104, 105) 

The explanation in rule 107 applies to these 
rules also. Element 2 of a STORAGE allocation is the number 
Of available units, and element 10 holds a pointer to the 
Storage IPD record in the right half. Element 8 of a QUEUE 
Elo cation holds a pointer to the STORAGE IPD for which the 
QUEUE is established. 

КО УОТ ЦПХАКС, VALTYPE, and YCHK 

(Pules 111 through 116) 

Rules 110 and 111- in order to handle the stan- 
dard exponential and normal distributions, attribute DATA 
points to copy of the named record 'DECREC' with a SUP of 
‘DECIMAL’. The attribute NUM contains the value of the 
pmamUreular X coordinate. The value of attribute INDX of 
MEMORY is set to the relative location in the FUNCTION al- 


location. If the indicator EXPNORM is not set, then D2’ \ 
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КОШЕ КООШО тосот that represents the FUNCTION. The NXARG 
rule does ШІ. same as above for the Y coordinate. 

Rule 113- FX of MEMORY is set to the last element 
of the FUNCTION allocation. However, if the function is 
continuous, i.e., attribute DORC has a value of "C", ad- 
ditional elements must be added to the allocation for slope 
values. This is accomplished by adding the value of NOPTS 
to FX of memory. 

Ве ОЛ, ала J)J)5- the explanation for rule 
109 explains the use of these rules. А11 Х-Ү values of the 
standard exponential and normal distributions are considered 
to be decimal. The first coordinates of other segments 
representing functions are examined by checking the values 
of attributes 101 and 102 to determine whether they have a 
SUP of 'DECIMAL'. 

C TP ATI ЕТЕГІН, "TRANSPTRF STUFBACK 

вые, 122, 124, 125). 

Rules 121 and 122- Rule 121 creates PTRALL to 
first set the pointer to the directory, then assigns the 
ber of entities, and, finally, rule 122 sets up the 
directory. 

Rule 124- sets the pointer to the final free 
storage, and sets an arbitrary number of parameters in 
element 24. 

Rules the value of the previously set at- 
tribute BLOKNO of the original IPD action record is placed 


in the proper X-Vector element. 
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5. Morphology for Encoding X-Vector. 
a. XARG (Rules 137, 138) 


The basic principles used are the same as that of 
rules 69 and 70, but the segments created are XPARG or XVECTOR. 
Since no characters are put into the X-Vector, XARG with no 
condition on the left goes to null. 
| b. XPARG (Rules 140 through 152) 

Rule 140- the segments processed by this rule 
come from attribute ARGB of the STMNT segments created by 
the SUCSTMNT rules of the semology.  ARGB represents the 
action a transaction will transfer to absolutely or on meeting 
some condition. However, that action record may not have 
been processed yet. In any event, there is not yet any way 
to store a block number in the X-Vector to which a trans- 
action must transfer. This rule then does the next best 
auus It Stores a pointer to the original IPD action record 
in the X-Vector location that would normally hold a block num- 
ber, and the value of the location of that element is stored 
as the value of an attribute in the named record 'BACKSTUF'. 
There may be a number of X-Vector elements with pointers to 
the same action record, as a transaction could transfer to a 
group of blocks representing an action from a number of other 
actions. 

Rule 141l- an entity's na лг оп number is 
И теа in an element of a block allocation. 

Rule 142- processes a segment with a SUP of 
'DECIMAL' ВОЕН = Ч-с1па! Output to an X-Vector elem Е. 


The first 3 segments created, i.e., OUTPUT, NUMBER, and 
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DECNUMB are created to output at the terminal the decimal 
value and the X-Vector location it is going to for checking 
purposes. The NULL segment stores the value of the X-Vector 
element in the attribute IX. The value of XV is the decimal 
value to be stored. A call to routine PUTFPX stores the 
value of XV at X-Vector location IX. 
| Rule 143- a segment in the set 'ABSTIME' requires 
a check to see rf its units and the units of attribute 
TIMUNIT of MEMORY are the same. Creation of TIMARG causes 
further processing to do this. As the TIMARG rules are used 
jointly by the X-Vector and GPSS morphological rules, the 
indicator XVSW is set here to indicate to the TIMARG rules 
that an X-Vector segment is to be created to cause an output 
vice a number segment for the GPSS rules. 

Rule 144- a segment in the set 'QUANVAL' causes 
an output of an integer. 

Rule 145- a segment with a SUP of 'SNAREF' and a 
NUM attribute comes from rule 44 and causes an output of 22, 
the SNA code for FN,and the FN number. 

Rule 146- this rule processes a segment record 
set in ARGA of rule 37 and causes an SNA code output of 
tO) or I3(QA). 

Rule 147- this segment originates in ARGB of rule 
PEE AN output of an SNA code of 1(P) and the P number occurs. 

Rule 148- the segment processed originates in 
attribute ARGA of rule 35 and causes an output of SNA code 


3 (MP) Не ОЕ I. 
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Rule 149- the segment processed originates in 
attribute ARGA of rule 22 and causes an output of SNA code 
26(RN) and a number to specify the specific seed. 

Rule 150- processing a segment with a SUP of 
'NORMAL' causes an output of SNA code 24(V) and the V number. 

Rule 151- the segment processed here originates 
at attribute ARGA of rule 26. 

Rule 152- processing of a segment with an XYLAST 
attribute causes an output of SNA code 22(FN) along with the 
FN number. 

C.  XCODE and X-Vector (Rules 153, 154, 155, 156) 

Rule 153- the simulation routine requires that all 
integer codes placed in the left half of an X-Vector element, 
except a pointer to an IPD be negative. This rule makes the 
value of attribute LEFT negative. 

Rule 154- the value of the attribute INDX is the 
me iv location of an element within an allocation. Only 
the value of attribute INDX of MEMORY is used in rule 154. 
The value of INDX is passed to INDX of MEMORY and the at- 
tribute INDX is erased. 

Rule 155- If XVECTOR has no attribute IX, опе 15 
added and its value is the sum of FX of MEMORY and INDX of 
MEMORY. ТГ there is no attribute INDX of MEMORY then FX of 
MEMORY is incremented by one and FX acts as a pointer to an 
element, not an allocation base address. This technique is 


Bed іп outputting VARTABLE and BLOCK allocations. 
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Balesis6e zchestirst tour segments, l.e., OUTPUT, 
NUMBER, NUMBER and NUMBER are presently created to output 
at the terminal, on a new line, the values placed in the 
left and right half of an X-Vector element and the X-Vector 
element number for checking purposes. This line of output 
comes out just below the equivalent GPSS statement output. 
1215 taken at the creation of the NULL segment are similar 
to those of rule 142 except that values are placed into the 
left and right halves of an X-Vector element. Either or 
both values may be zero. The routines PUTLX and PUTRX are 
called to accomplish the action. 

AS Nas Rules 157, 158) 

Rule 157- each argument in a BLOCK allocation 
occupies a unique ion in the allocation. Therefore, 
even if the argument is not filled, the allocation must 
assign an element. The values of attributes NSNA and SNACNT 
of MEMORY are used in conjunction with each other to increment 
the value of FX of MEMORY by 1 for each missing argument 
within a group of arguments. No elements are assigned for 
missing arguments at the end of the allocation. 

е. TIMARG and TNUMBER (Rules 159 through 164) 

Rules 159 through 164- this set of rules is used 
by both the BPSS and X-Vector morphological rules to adjust 
the value of problem time parameters to conform to the problem 
basic time unit. For instance if the basic time unit were 30 
seconds and the problem were to run for 60 minutes a figure of 
120 basic time units would be used in the timing loop. `" 


mules 159 and 160 an XVSW attribute is created if the XV 4 





indicator is set in the segment being processed. Otherwise, 
processing is the same in rules 159 through 162. Once the 
time figure has been adjusted the TNUMBER rules create 


X-Vector or NUMBER segments depending on whether attribute 


XVSW is set. 
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У. CONCLUSIONS AND RECOMMENDATIONS 


the objective of this thesis stated in the ОСЕ ае 
was met. The link between the simulation routine and its 
source data, the IPD, is now complete and opens a whole new 
realm of further development possibilities. In integrating 
the GPSS and X-Vector rules, greater care had to be taken to 
ean orm to the three stratificational levels described by 
Lamb. The resulting rule module had a common semology, but 
separate lexologies and morphologies. 

Further development of NLPQ lies in exploiting the fact 
that the link has been made between the IPD and the simu- 
lation routine. Future research should concentrate on how 
best to conduct the communication between the two in an 
interactive mode to perform simulation analyses "On-Line". 
This would necessarily involve a determination of the fol- 


lowing items: 


1. What questions would be asked about the 
problem? 

2. What output should be expected from the 
simulation? 

Shat orm would it take, tabular or English 
text? 

4. How may the clear, reset, or restart 


capabilities of a GPSS program be impler nted? 


ЭЭ 





5. How can the program be rerun with changed 
parameters? 
6. How are the results of various simulations to 


be compared? 


The primary goal should be to determine the best way in 
which to perform queuing simulations in a fully interactive 
mode at the terminal, developing techniques and methods that 


could be applied to a more general system. 
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ANOTHER SAMPLE PROBLEM(THE HARBOR PROBLEM) 


NAMED RECORDS DEFINING THE HARBOR PROBLEM IPD. 


= = 
m co 
г - > e - © Q 
O гә - æ = - LLJ 
LJ (N ~ try O N СЕ 
GM o moo г = 
aw өс) “с. el) -( 2 ©.) |! 
ә || ә Ц] ew iL = Ц] - (1) Ш] = = 
имо NÆ Cc NA “СС eO. 
ч `0 ХО e О ~ О» > = uw mr 
очуп On Ol Ol Mit rm 
vw uz uz uz OZ Ф«АаФ 
ergo ее) Б) вс (ШШ ШШ 
e Ze 4 - — o 4 = СҰ кеі а Жез Га 
HOWE le HE КЕ == «Qe 
etd Om Oct Oc II < l =ll 
Z "OO OU OO ФФ UO оь 
We DO Е 
(9-2 (9.7 9927 MSI DJ jew 
<. = = > > > > - д. ОФ 
-()- е > o - wo» о o -|1)<7 
edlen NA NM чо em eoe 
NOOR OF On OF OF Mee 
Oe WO WoO WO WO BO Oh 
WyoaWw ол ош сш OW OZO 
С X eN sX sX Wæ WOW 
e pio | = || > || = с“ ~ С“ ч СК 
HIJO IN ia cn "n œ || » |— ~ 
C) Ш. нии 


О а О. 2. О» а О. а О» ШООШОЦШь 
NA (ОСО OT EN OO Co coc Lac na 
ese (y et ef du dO €. eQ.rn- 
HO ll = ОИ С) По ОН» O e. (7) == =Ç) 
WO UJ CO t LL) CO P- UJ OO QS LU «Q9 eL чош 
СО + гс 2 АСИ 27 АСК |} СИ |} ч с 
Т > С^» OQ)» Ode QO ode Op.» OOO.» 
O II LU || zu y zu II 
æ Z NY >С "AZ "XZOXZOXNOZ 
eOe e Oe = C)=w w s ә mea Он НО 
e -O || O0 1 O0 1-0 рк =i €]; e 
=> he TR Re RR oR (=== = == = 
— < O Z < Q) ZÉZ<( OZ < O Z <) Z < — Z= >—<t 
CC CO г „шг 3 UJ oc —JLLJ CC << LLJ Á LUST) 


орон 
En 
(зч«ңЗлҺҺ зң“-ҢҺ -. u u мм w 
= 
O 
LLJ 
24 
SN m + LA “0 — со 
Шо 0 о о СӨ О озо 
əл ¿jJ U U Wu ош ш ш 
Ze а 46 Be ЕС 26 o ec с 


> $e 
= mr we == “m Y C 
а > = >= - = > = e miz 
“ы FP uu Ne le м“ "С 
C m= exU «exco ООО Il >Q 
и WO ооб NUW бс. > La 
= < NOD | ых >W Il le 
п а > = > O. = С» TI ғ =š 
Ww < FI I F2 I = ie m Zu 
Е dl ро сє Z <U 
< шо шо zuo ft DZ 
2. ~ Жай ыз See | Сабын Ju CIT 
O =ч І<Т ILO «x0 Cz eZ 
bod li огол о у су ele © 
O ОО = CO = eC) e- oe OMe 
"” Z =~ pne ~ P me me € СР 
= + Se Mse FEM OS Faos 
QJ c OM OAM »-OALr OA OdWe 
о OMAN YAN =ч We te 
N Е оо Онно Шш G4 € N 
о © «шсш шСсш у СШ) = LI y 
ШШ- ОФИЦ» Z СО) lI = Z Q 
CY = — Z2 > mo = o me 2 || = z«tOul 
= син Hl He пои аса ÖZ 


i Cz uzo»-uzo»-uoco»s»-u—-—-goCcrÁte 


оно ee Zk нда eR ZOO „о 
ne ZADde ZOO SX» ZOVe ZOll Oe Јн 
ZI<ZIE MONI ONI- DO TH IN «0 
OZDI ORD OAD UND Z HZ 
Qe QW e JNO an NO > eNO am ONA 
>< «<> = += e() e. DO ve eG 0 Il «X 
ANNA IIA A YUI A J| UJO IO Ii LOO 
II < II! Z O СИ Пс Пао Пос 
О.002<0» СОО» Сох» Ооо» » б = 
ZO Z= C Z Il ZL — шс) ZWN 1 + 
O e—0»-0.0»-0üg-0aügw N-:-*I 
o a PF ee | === С 
---і- ni e |! > mý a j| = e = || — = CZ 
e NOs O» Os Os OHO» OZW О мч 
Б мом < a. —>— < <( Q. Ə O < Q. DƏ — OO LTD 


собо ооо ао оао 


('SHIP'yID 
R 
Ç 
R 
С 
P 
I 
R 
Б 
P 
I 
R 
p 
P 
I 
R 
M 
R 
P 
R 
О 


= EI 
ue ee dl wa u w w L. no u 


ШЕЕС11! 
ШЕЕС12' 
С 
С 
E ECI5' 
PRECO" 
КЕСІМ! 
BRECIE! 
RECIO" 
ШЕЕС20* 
ШКЕС2І! 


Lal 
LA 
=ч 
C 
Ш 
С = 
> =o - өз 
- Um - 
= eQ aN ч eC 
= we j = » ОС e ri 
N MO = Am ca 
Ne CIO © QJ ec СЕС 
OO aO s N Oo e lvo 
ЕЕ O ШИШ zu 
AOOXIY u Cy — 661 
ш Шеба O g s CNO +» O 
пен e Пс Hn dg 
We UNC I dox ETC TOS os Kec 
Ооо * > С >= СО = 
Z> O=—= LL) <= = Onm» 
< ш СӘ б) Zim ABN 
SCO e€ == — М чеч e “СО 
eo в (N (7 сәс) ee (N 
= MALO O - ill MUO 
Os NOZ Ne >» m as NQX 
(Qa OL» OCNO CN O И Ole 
ие соо Шей 
Шоссе» $ ONNWHO MWe ~$ 
СШ» ИО WOOXL НН = НО 


ә СИ 11 
Пе ФО ИМ! > ФО 
2 | СС кч е» |е е Б<<І» --0/-4 == 
<( Z < (= —Z— || 122.20» <СО” DN 
WIZ => O < Z Z Z 2>>- HMO Z= =T—— O 
Z UuJLUL «Oe CJLI «t «cC. »« 0g eLL «0 -0J 
== eOQOUZiJu)e eQqQ =O COCO 
в» еә „ll eses lle LULU 
ze НОМ. € e-Ooco.JI co 
С JOO =< = јә в О) ә ә (Diou u 
OX IN Y ll <Z Z= || H I TO 11 l 
Lee IMOZOQOQQOMOE AMO 
NAO OLA Aa ADO IS 
Z Q > AOKK O ——> > еі, 
2DzExXGGzzululmo:dsqgr-»xcc 


(€! 


a e ш u N “чы! Чаш 


Anm тог со 
+ ++ + 
OOQ QOOO O 
шшш LLJLLJLLJLLJ LLJ 
Ce ce ec teo ccce ge 


58 





Ида 
II + < O 
= O < _J— O 
Оч > = 
< (ӨШ > ee 
_—] 9" 9 e- m 
>. ә = О ч 
< М ЧА 02 СУ 
wet (et LU) 
* OWNS LW 
шо © 
Oc LU il e 
Ne ÆN II 
O IOO. OO 
LUMO I] ce 
QC O eO (3 « 


e | dl I 
QA NO) y 
>O O < OO 
ba dl LL md ч 
С. СӘ СӘ Ш„ СӘ СӘ 


(' 
(! 


“КЕС6І" 
ІКЕС62" 


ағ, олақ, осты, g TER оғы от 
к ” ° э UP „ ®» 
МС ОСОО я 
4 4 AAA NY NY 
VDODODOO 
шшшшшшш 


(*COND1* ; CONDENT Y2' REC20') 


ОГ ЕСЕТ" 


$e 
“0 
+ 
+» -» > e (D 
= = = - (11 > 
а са =D Na с» 
== = - (7) “Т” = 
O 0 Уш OFF © 
uy ш Occ ul OQ 
С. =< LU » Ara ш 
> > C |! > (3 СЕ 
MM =O |. = 
N Ne И — Ne И 
о мо NCO AY NA 
(9g OGM ste OS mie. 
> eO (Qe “OQ (ООО 
> æ LL eL =» LU e) 
NX О < „ш 
4 =ч» «чш fe С) 
O оп сот со! Qe 
Ш ши ше ш LU It 
бб. бб“ AW ee Ou 
œ > (3 ewe WY ».( ә ey 
toad ee it || es Q 


e Cá m cc OC eLLILLI cc CC e 0X 
te ile we || ССА 11 = в || е 
НОЦ lore e OM NON 
LU SFLU SPL yy HLF OL xr 
СИ ч e eA CC sr O0 xc m c CY, 
Б СОЛ СЗ СЭ ч ч (ӘӘР-ОӘ 
NN NSS ” =>) e 
<= <= = < = "<= 9 «e 
го = УМЫ 
ent a AY e ФЗ > 
e (Qe (QUOS Que» QOO O 
fa LJ A UL LU fuer LL LL foo шиш ш 
NANXANAXMAAXNA 
ај > >> = - > ое e 
Siw don wos toot 
му О съ еМ т 
LLI $ LU A A LU q rd LU a LU ey 
СС СӘ сє: СӘ СӘ СС СӘ СӘ СС СӘ СӘ СС (ГӘ 
= 


пв 


— б li Ed 

— = — 
= = Y 2? N 
N N =ч = — 
= xl E =; 
an Z 22 A 
о «< = = N 
о = сз Y o 
= ә < © Y) 


'REC3",012='"REC4"» 


13, а11="КЕС3*,а12='КЕС4"* , 


14,211 


TREC 
4="REC6"*) 


ASTREC 
S 
Т 


am 
mom C) — 


OOO б — 


ос COCO OO © 

euo NAHOT Oo 
pro nunc” Om 
ZZ | лБ І 
= (J Uem Tu 
eZ E | NI Mano >= 2 
e COIT ==> =w* = д ==) 


ee => A. eo DZ e 
pepe Poem eo UJ Je 2 e 
Z ZU] == е» е<1<(<І11<І е el 
LULL poe Se ee SSS eae e >» 
OUD LOR SCR HYD SpE D 
cC zz DI OO Z Omm Z 
W U OO EO OW LY UU ee LJ Z Z — 
ооо 
"wm > © Юэ > ә » Up UD a UG Be F o > 
чш paf naui maf ana wana “чый “ичиб “ий “чий эм) э] ченей ъй estf af 


jp ЧЭ uw» UD O) чэ UP up Up» FP ы © > >» 
соо Очу го М ОСО чс 
OOO M m m m eA OH NOS 
С“ {СУС СУ СМ СУ СУС СМ СМ СМ С СУ СУ С 
QOOOQQOQOQOQOOQOQOOOOQ(0 
шшшшшшшщшышшшшшҥшшшш 
Сс сұ с AO т ес с 


EREC222%) 


( РАОВТТМЕ(МЕМ ) = *КЕС204 *, ТТМОМТТ(МЕМ) 


SETMEM 


UCELLS: 


SEND OF FILE: 


39 





ENCUDED ENGLISH PROBLEM DESCRIPTION, 


C) e UJ шш су LLJ «1 
W< he Ti Іі r < < O ш «кшш E 
TO HI RIO ULZNONZ*RhUWTT AZ нс 
m 0 Pula - -L Ofte ee Re ux = «О» 

Ze ui IO AWZ =e ксп. qo (ы) гї) 
OD тО:@кишЕ э э Few adu с-ш -—-oOoOac 
ZMOZ uuo Saath = Z UJ SEID I 
WM NN LXNOPaA IO wouaaiul «r0 xoaoOccocuc 
ша G zuo Ош eer Kelme mm < <oo<lI 
z j n= кү Zw СО Ж ОСОО XZ Wu ООО Ш 


UTED, 


шо Dae DI ounuii DUNST x E 
Ше LUN YODNZ но Фжағ-са WU е ООУ K O LLIUJU < < Ог 
ae] ce „огош еу G.L Da Му. T.T —<<— T ТЕН 
O Wvo тео cw mms ре шошо ок! m~ Z 
W>TWTxOmMm D о-шоФфы SIN Јанча г 30 <шоан 
>. Mec) ШОБИ IEA. OE E шк О 
=, (OU HO Kr Zen LH NAULONZIIEZTO- OO 
= x eO OOZ «uj uiu) e кк о шох ЕЕ cz 
Oller Pr Z CO =Z xu r Z+ O Y ONOXZ <> 
oe ee, Z =O —Ji— = (5 < Le 
qe ОШ) < mad оо (uj<i—u— Сс ш н 
Б 2 ша шош » qZ S. ан Шш PFQ < eewaq 
2001 «XOÉNL „опо Cu) JOu LU Oo P-ZOr Zar on TZ on 
шим аёо оос т„—г шо” adan. <<<» О 
"ЛОГ «чан аиашшрБчюББ гас < O ILI-J50zx (Үсү uu 
Remo uo TT OO Za p «< uj. < Z. ZO 
a ¡O ax WHODOO acaagqa-z ww II LC mm > em Ha zZz 
ОР-ШОР-ШОР- но) qouistOoog»-zirizogOoFrmrmugwurcruwut D 
Cc <I<- Or OXTOULZU me Om ар ‹аа&анш Jp U 
OTe -OZU<OZ<- Ox ш КЕ „ШО оС I 
Шс a OW Dp WH Weert =~ шш. TI << Pu 
= ши 2. раб OR DE OO eke OO = ZI Ozuoulj.-e с 
kU TU DOW «баке aao о-н Wa D Tm шш 
Гг о>ю u) Gu) x eT ALLAU I» Ue aA >Q 
eke Сос ОСО ЧОО мох боч<цчнаминшит —aGco«r 
< > коко Or-zZ_o9ıuoz «xa Qouloe We O <q m <T U 
Re IIA осо эгиши ELA l oq».40O00 qo Z TJ 
ш XI UHOIX D« Ob eae ae Ze Омош <и ve 
> Yet Worl oot OO WO area>acw Oot <O a ато ° 
им Clee ишо с I о оо [то kE- e" LL >O ZLLI 
YOAD”NWRLNNTt AAT -ССОООЦШ«<ТООР- XWX —— Gu T <— O 
ai OO. Nm X e (LL — < —O=— шоша нч PIZO 6200 LHD 
< T TU. Z Cyro c ZC Cr < Ci XT. U Осу Понг 
cO IE er--u m0. CUSCO Cy «Гг QU) «t e WOOT wm < 
о mu) T> T< T р<а XX OF A> сш шнстон шу= 
сш Le. “> a O tr JOOTWT>U cuo 
TU ее UFORNW JULA ЕШЮ. ис) сор ч 
сн-отшом Z uwnzz DD Ip fO de mu Lao w 
п = —C)O Z= =< *— = 0. >= OCO O m =< OZ ЖОС Ск < WIL 
WS J LÉNA што T< < OO +» = FSO WORK 
tru mer обе то зе. С . © UJT тш 
Ta UI E WO UNO RLY WOW KTR WULF oe LOOT 
MNS Wes Lelie = ZO zzomv-.o кк Тан 
у. P= < — o Z = @ D>) O X m < TIL DNVA W O 4 J<t(C rí LL. í cy ZÉZ Z — 
IIZI ee о 12 шош О гшагас xax«xoooo2- ш 
> ie Z Zm = ШО rn) JA oa J 
mTOR OW Wk LO ZL ~ UOA tm Z Ex E 
CK CNSLTYCWDWWYWDA Met RUA Jm WN AU AU O 
X muU U aA p OX LCTO Lu ILIcr-co-ru9Irtur-Tornec 
«£O. a doro. d] x NOXX FI Tu —— e <= ADD» 


USING A BASIC 


DAYS; 


4 


О 


TIME UN 


GPSS/X-VECTOR OUTPUT. 


2171,423,815,121;655,531;999,813 


Сс? O O 
“СУ Ge © 
NO = п п 
“СО > © - 
Nr en Sm O 


LI омо DO NO 
= га ШОС N ul + 
IPMN OOM © O oO 
AEMNANIAMOACO «мог о IMAN 
о со чочо cc сш x sE 
27) DE) = Sch) 
=> os oo Woo SS oona 
NXOGOOOOÓSO UN 
+(NO ООо СО Осо? od 
OPIN OM eon сү уо Оох hmc 
се O uy 
S < O ч 
a. Y t) Ox (e. 


60 





2 


STORAGE 


DEPOT EQU 


STORAGE 


8 


10, F,Q 


Q eculee dT 


со 


eo 
CC e 
Iud 


ref 
Li 
NOWO 


tor 


,200,50,22 


RN1,C24 


141 


СО te een 
О ч ОО ~ «"ОООСОО 

ONOO + «ОО-О 

A N N e СУ "ОССО ч 
OMNI OLN e o o oè 
ON NN O asa 


ANG 
Lu 
und 


O + 
OOO 
° e. 


= 


cos200o0220002200022009Z|11-4-9d803400 *. 


Ot Od 
ш п» 
uy t= co 


=> ФООООЮО 
ВЕ NOMA SY 
OOD NAIMONOOU ө ө о о-о О O 


TUNA Оооба мма. 000 м f ACCU m q 
апос Ч et Ar СО СУСЧСЧ О б = б = ONAN 


y 
ON 


T 
en 


L 
Y 
non 


eOcoOou 


— 

ON 

NN 

m О NN 
ey OO 
+ ош 
| =“ AN 
AL ON ө e 


RN2,C29 


Q^» eO - (02A 
NO » ed 03000 ч 
e e oN Oo 
ec) 
| CO TOO.OooO0rmO! 


QA O O OF-.QO n UN NN 
Dee CONNN NOON INNO 


e --—00Z | | 
= QUA O гс, О СО} СО 
O e ef MOLN e 
а s OAL ers ete бло 
FOTO ‘ссср mmm DON 
NNNN AANA | = = = = = =O CN coro 
«со ХО чс оО 
O Quy rn O + mn O 
*O-AMOOD 9» 
OO e * e * * ecd 


e 


61 





` 
a N 
— UN 
ale Е- 
`, (9 O 
O co < 
С? > e 
m O N D: 
- O O m4 
& O o E 
4 m ° > Un N 
са T C3 = e a m со O 
a 2? ө» М. Су к=} e N - 
- со сс о. = ШЕ с» ~ ~ М 
і N = =) і 2) e > 2. m 
ec O e T ЕЕ со а. O СС Е- 
о + m (9 со N 0 «t N CO 
“0 N со c NT O “9 - со «t 
LA > со 2 O “5 A cy e o N 
оа: о о огскао o г DO o ZZ хо M oa ~ со+оО oco (у МЭ 
OOOQOM нес Dr Of O о On a о о оон == Oo WW oo O OO 
DIO DO NAT ONHAN NO M a NNOONOM-ON-— (C O UY OS O AQ m MON OWS RO DUH cN OOO i Or 
OWwNOOHF mu un j| om ccc ool = mu c осш о о о 
Ove © CORINA (A осуусу мос) м е DANN м DANN NS ONNN A T ө 
IWNWAMZIIINSOOOOOOOZ | | мач го оо I INGOOOOOOOZI I INmOOoOOOOOZI I | | NX «очо 
= © > =. > x = c = О 
ш. со LL. ДЕ U, O 


Hs o ц. к= 

MNA MONDANOM NOONNIOAFNNMO MOIOAMNMOLFMMND томе < Ооо ANFNOOM 20 

оша DODD SIONNNNN NNANODOOOOOOO оочы 64чи ANNO ENANA MANI + 

qmo mmmmammmmmmm Donner S! + фа + РТО ОУ SS SS 
ікеф = КЗ в 


O 
“9 r ` T 
e 


GSH 


ШЕ O 
сс) 2 ~ N LA 
(9 ° 


G SH 


62 





ENSFENSFTENZ 
60+15*FN2 


LLJ ш 
ad MUN OY HAO y 


ч AN NN O O Am 
© сс с оса са 


* 
ке 
се 
© 
Ge 
Ш 
aJa 
ке 
- 
< 
e 
LL] OD + 
> = 7 = 
„< С eLL GYZ 
сє © e. С? 
сє сс c а. 
< UY 
Те! 
— ч =з — 
ашса Оо Far оо 
rt fae OV CO о QV 
Zammo za MN 
mo cN m 
em cN rL m 

шоо Тоо! 
< LLJ 


ATNO BODO ам 
LALLY NND ООО 


ЧҮЧҮ ҮҮЧҮ ҮҮЧҮ 


YN 9 o N 

Y м м м О 

O O O O = 

O O O AH O LL. 

Q о C > (y - 
+ + + ~ + ~ 
мо мо мо мно N оиноо 
m m m LLI (€) m m 
my Mr кее (ос m+ um 

Ш A mo мг Sow (JN cm 

= ma me Nm> MZ NM 

ЫЗ; OTELOTADOISN | патот) 

CQ ТЕ O < = j- 


THE SHIPS UNLOAD CARGO AT A DOCK. 


FINO Man ONN (mu QOO OHN 
ODO OOD PSS EEE REE мос 
ғғ Т”? ser ser ххх ххх 


ж 
ж 
ACT2 


UNLOAD CARGO AT A PIER. 


Mm 9 Mm 
NX e e 
a. uy LU LLJ 
= rund bi =t cN 
G: а. a > 
N 
= O С O O 
W =ч О = O A OO A 
ш © O © ш СО 
с о зо коо OF 
әш ma (OS мг 
> mu mat ry << 
WWO | =G O | O. GY O | > Ñ 
== = uy Су 
por CY LL] C 


Ооо ооо 


ACT3 


63 





= 

> = > <= ER 
© O O ШЕ (Е) m 
с. EE ас E a = 
LL LJ Li © Lid LL 

e С) C О СУ e 

“0 NO NO “0 NO NO 

м о мо гт о гт чо m ого 
UN LA LA ЦАО LA LU LY 
400 000 ғ-002 (290% 00 LUL 


cu) n< гс cN O> са: NO 
OO | — OO або >< < | 

= ш о ш cc 

uJ C < d == 
NODS UAAORS 0070 coc YOM Dor 
ООО ООО ооч ччы MH ANA 
TWA WWW МММ СМ (Сы LALALA 


ШЕ БЕШ ӘНІР5 UNLOAD CARGO AT THE DEPOT. 


QUEUE 


p 
ы 
< 


хх 


і 
ul Li uj =; ul 
(9 e e HE O ~ 
ec a a - сс = 
< < < O < LL, 
со co co o co > 
о © © © O © 


о оо о o o о но o oOcor-o 
oo oo So USOS шоо шо 
UNA дл нА QUO ОШ Lin 
суш (ТҮРЕ az na MM NYA 
MN ME O< Nmu MZ Nm 
ФО | оо | .CAO | >c€NO | | —Ə=— | 
М) М) O М) a 
N Q < x = 
я мог ADO ANMS WO mon 
NAN NNN NNA MMMmmm MAM Att 


THE BLUE SHIPS UNLOAD CARGO AT THE BARGE. 


QUE UE 


AALALA ALALA AKMA AALAN LALALA лм ` 


ACT 


жж 


64 


DOCKS 


THE SHIPS LOAD CARGO AT A DOCK. 
DOCKS 





DOCKS 
DOCKS 


q ca mu m 

ma мм m) eno 

O | .CO | >cNO | <r=O | 
LLJ C LLJ 


С) < ==] 
OE BDO ANM UND 
roe TNO LALALA 
nun ALAN LAL LV 


THE SHIPS WAIT IN THE HARBOR. 


3 3t 


LU 
e as a C o 
со co co C co 
СС (a d ez <{ DÉ 
T T = cQ E 

m 
rm rm m O rm 
оо оо ооо EDS 
Oe Oe Оч омо On 
MP = [EZ o М ч 
ш ma mal са еш m 
=) сш ma MWD M> са 
шоо ООо | O.CO | =—O I «ro | 
D Z М) <. LJ 
С? ш C C) 1 


Ғ-(ОС Озім Ma юмо MOm 
саса ООО 900 OOD OP 
mann MAANA юм молю ınının 


= 
Q 
< 


% 
к 
сс 
С) 
а. 
LJ 
pe 
= 
БЕ > 
> се 
< о 
LIES QS 
=з 
+ + 
YN о + шо 
Q. W = O O чо 
Ке} чч A < + 
oe | + Z 
Y y сш) (ma (сс 
INNA M> MOM 
WA- | I O | «r-O I| C — | 
ap eT LU М) 
ELE = = 
NMOFINO MOD онч 


М ҺЫ ҺЫ ММ МММ 00 
anınınının LALALA LALA 


GUN 
(000 ооо ‚NNDODNONON 
LALALA ммм HAN ARN iu, 


++ 


65 





NOOMONNNONNOHSrMHASTOtrmsmMOxsm 
OD -HDOINOTMN FS MNMNOOOOMM-MDIONNNOOOTHHINANNMAM 
DOLOR AA OF IRONO TONO OOOO-IO On NNO CAEP SPAIN SSS FHF SF SUA MWA ALA LA 


OOOOOOOOOOO ооооооооо OOOOOOOOOOOOOOOOOOOOOOOOOOG 


M OQNO AN MH + 
PFPA МЛ 
0900000 O 


состо че Омо С Оче 
ONA OA QO AQ IA + OO O O O O O O O O O —<O —=——=—=—=—=——=—t[.0=—CNcCNCJUCNCNCNCU NN O СО CNCON (00 (0 0693 00003 eq. 0 0n en e t T TF 
ААА МАЛ LU SO 00090 O O O O O QOCNCN O O O O O O O OAO——.O`Q.O.O O O OCO OO O 4 OTO O TO QO O O O TO QO. O. OvTO.QO.O 


DOANMTNOROD  OANMENDAO 


66 





РМО co О пСО чоо чч 

NMILUANNMNOOOTMTMM DD NOONAN 

Те а а аа ага а а А а ааа А Qe REN CUI) 
MO 


QOOOOOOOOOOOOOO OOOOO 
оо 


Омо Ф Очу ОМО С охооо 
им О O ХО QO ЯО О .O O O O UYNONe ms: 
O OO O O O Оооо ООо оо Ооо м! су Ч 


67 





e 


APPENDIX 
THE ОРЭЭЛАЕУЕСІШЕ RULES 


Ж жеек Ж Жс: OK е Ж Ж Жс: Жс: К ЖЕ к ж сок: e Жс кос Ж ЖК К ск Жк: Жс Жс е ЖЕ Ж ote oe с Ж ote ode a le ote ole ofc о е з к ж к з о оК И 


INDICATORS 


` N 
+ + 
+ + 
+ + 
+ + 
% % 
+ + 
х + 
% + 
X + 
+ - + 
+ о + 
+ e + 
ж + 
% % 
38 L. ++ 
+ O + 
+ c 5 
+ TI + 
+ % 
+ - +t 
+ N + 
+ = + 
+ % 
+ + 
+ UJ 3 
3t (D + 
+ с ж 
% < + 
+ + 
+ ~ % 
4t + + 
+ e€ + 
+ + 
+ + 
+ O + 
+ O w 
3 c x 
X < + 
+ + 
% e 3X 
+ N + 
+ e + 
+ + 
% % 
+ WO + 
+ O + 
+ С + 
+ < 3% 
+ + 
+ ~ dt 
jt NO% 
+ rm Hist 
+ 3t 
% % 
+ Ort 
"NM 3€ (9(9% 
"чч Q C cC +; 
jt «i1 «tJ 
x 3 
+ > = = 
+t ri +t 
= + ml 
Ж rX > % 
N оа оо % 
(= =Z O+ LOR 
NNA QX OOR 
а><0% хссо/%жх 
OxXxuz te heel HX 
HW + 
3£ LLJ St ce 
"е HWY 
+ O 3t lw 
4c cO + zZ 
е 3£ — 
+ A ++ к= 
х = + > 
% io 
#ч 3 Y 


3 
- 
815,914 


6, 


U 
5 


T 
Е 
x 

213 


ч 
+ 
+ 
+ e 
Ж nC 
w M 
ж с 
+ 1 
х SO 
3t = 
+ 9 
3t e 
к с 
ж м 
* О 
% II 
ж м 
Jt = 
е ( 
r= 
N 
== 
3t 
$t 
3 
+ MN 


2p 


жжжжжжжжж 
NAMED REC 
(1) 


68 


ж жж жга жес ж zk > > >= 
? 
? 


а) 
a) 


y 

near ed 

OOO OOO 

ON-0O0O 

em ACL) CO 

OMNNAL || 
Om ll i il com 
O || +O Oc + = 
= I O (N Ч ч СС 
МОЈОЈ ——=——— (9 O 
(Ч-т”-(Ә(9 (909 > 
(NG = = = & OO 
lo  ЧОСЦОООХ< 
OO «ООМО 
= Or HU MA 
сах I eos to T Il 
a l = rN N aO 
О чч Z= 
О-о 
Nm = = ©® ж Or. 
II GG =O OCO OO = 
а ФО СУС ООО = 
оссо Woo 
AONAAMO Y Mm LU 
Өн н На 
= || ll (NO Ооо 
ОСОО) ҒО 
Оч чнч Z 
e 4 4 С СӘ СӘ (9 rg < 
ИЗ = = = Ср 
Y = *DODODZK» 
OooTnond i 
AO O OO ON ON ON QN ¿CO 
Srey IO H H wo 
“|| || -реса сы < 
остим c dr zz 
O O rar rr LL. 
AAO = 
I RSS DD 
солш осоо = 
ЧО ус ОСЧ II 
СӘ сс С\ есмь 
“|| 1 ес 
QO c x O«90J90 4 C) 
|) СО ч с\ус\ СС СС) О 
N Ar rrr 
O GƏ (Ə (9 (g (g 9 Ə O 
pl *» a qe q mf 
ЭООО«ООООО2- 
"ООООССООСУ || 
ОСООССООСООВР- 
l H H H l H H H OO 
eA mS OYOSNU mI OY T 
оО чмо. 
Al A rm cA HÀ rm mc» 
(Ə (9 (9 (9 g (9 9 (g >< 

w 


EXPONREC 


(2) 


qe 
© 
r ^^ 
QN “сус 
— Q «fu 
ШІ - e eONIUNOJ 
O O O A (Ny 
II cN tel il 
О et et || OO 
O =ч „СО ү TIAN 
— росс о T Hc 
СӘ «СО ссу ме сз СӘ 


ЕМЕ Къ = = 
Ғ-СООЦІ О(Ә(Ә «со с 
QN IH mM tl ow eMC 
ll -—0J:000 000 
tr (BANDAS у ll 
Ora “Gl || DW 
BN eg I Orn 
(g EMO s*—F= + —=— 
eO c0 T Omm mca 
Ost || MN». = 
сысы | 93 =O O 
N—AHO Il * eOconm 
nm NWOOOMON 
I OGONI NO A 
Ol €"oOQ-2O0(:0-1 I 
ПОО ч (37 1 | со xy 
vera Sm ONTA 
OHN «О (ӘУ чч 
MOAN esse 
(3 | ООООӘО ее 
eOCJOmnm |o = = м 
NO I Ке оточ 
rt STO. о п сог ТОУ 
П Сч Ill 
MO AAN lI 4H = Q 
СО ч (9 (9 чч ОХ 
-ч4(Ә ” м-н 


G atO = =—=—( » = 
"ООООГ"О(Ә(Ә = =O Š 
ONAOO =< =O O O 
O [= II —MOJAOO.50J0€2 


OAM II | Cc i I 
Mi СОЗ СО ач || Ç 
Оч исин Н ссе 


O I! (8 O — co + O O (Nt С) 
I O am BNAF ANANO 


О-О ООО (Ə 


(30) e" --- eC) UY 
B am ONNO M ЉО „ч 
сурс I CQ OC NO M 
O O —O Ode Det 
l H H H H H H H J M H O 
eA (NJ I— CN ovi E «t 
ОО ч ЧАС СО SU ul 
et a ed => 
(333333 9х 
ut 
> 
LU 
сс 
= 
er 
Q 
= 
mh 
(o 


2, EXPNORM) 


ЕМАВС= * КАМОМВЕС' , ГОМО 





Lm Bon. Lam DI Son. om. | 
— — — — — — v — — um MO нч CO RH 
eCN CO) О O MA S O A eme CN 
l H HH H H HH H H HH H H H H H 
U U U U u U UU UU UU u Wd Ld Le od LW Lg La 
O Aa aja a/a ajaja jajajajajaja] m 
=e = m СЄ С) 
Pree COO OO OOOO UO 
EFE free fem fm fee Fe fr ee be — — — — F-— 
cO co CB eo en CD co CO CD en CO CD co co eo co cO 


"uns. Unus us eu) eof uf qus "uus. a res arf nf ques Wo oro was auf 


LLJ ul 
ШІ cx ы шо 
шш ш < EFL. 
«ыо (> =Z << pp 


C29 ссшш<« ш сс > (9 
WIS ee VLU N >u J2 < == —UJLLJUJ 
>< су eS eT ONO Se oa 
WU O XY < Z U W WU D WU U U A —<( < LJ 
OLIEN JUK O == X DO 


asa s.s 
SILA DMA 0 DO ANA UA MA 0 O 
“але? Че? uad quas was w ге ее pod rl e| ed md ee —4 еңі С) 


чы? ЧЫ? чаи? чц ЧЫ чепи) "ий "Чы wasa am wass 


аға, т, олы, жону лыу уық, ола 
MALAN AD OH 
e eO m СО) 4 СОЈ 
l H wd 
СС СОСО СС СЕСЕ 
Б -- 
сга агата ега 
СС СКО сс 
емі ке |е und 824 )--4 ме 
с) ©) © СУУСУ СУС 


mg eu Seg N “ке? не? “ам” 


ce 
- СИ X 


а С ¿mama gay astaq 
ч УСУ" и О М 
с\! с\ СМ СМ CNCNCON 


me? mo? ms "me? tuf qur wf 


69 


SNE", FMOD=""NU" ) 
"56", ЕМО0="џ") 


zu 


t3 
OD 
OD 


“~, 
= 

— = iU) C) 

< ULLA 9 e 
ZU or ww 
ч С 2 С) С) 2 
C rX Z ZQ 
uJzaegoow- 
Сок OCO > 
w. vs a w... w ` 


Q U 

ul > 
OOX = 
WUN ANAN 
асас = усу 
о <42 2) 
LUZ OO < 
Qu O Om 


mm A л Г. ММ. 
ООО чес 
CN CN (0 (€) 00 c 


чан? ЧЫЎ sf weg uus wasp 


ХХХ КЖ ХХХ I KK A I FF KOK I A 


(GPSSSW(MEM) , XV 


SEIEN 
Е ЖЖ ОЕ И A A КДЖ 


SEMOLOGY FOR ENCODING GPSS/X-VECTO 


{34) 


8) 
= 
> 
u. 
= 
сс 
© 
2. 
e a: 
O O 
= © 
о =l 
=з O = 
a = 
N —. 2 
DN ә kL 
о Ба A 
o zu x 
cP CEE OL) =ч 
<І won = == 
еі Oe r= -~ ead 
E ZR mani 
= O) o Mmm 


езен Ші, > 
кчө ^77 00. Il CO 
e e RYL 

IZe ii € 
OUNOO= re) 
Node wade SU 
1 eu > ws > ||| = 
і =ош 
du. eem E C E I 
ш = UJU þe =< Шш 
ш ш> > Oo Oi a 
^Y lÚ < a: X О. Б СК 
= = O ppm mm 
ша 0.0.0) не: 
= LUI Jp CD 
= 9 < Y) BR IO pa 80 
b— Јш черер кя = 
NOX NY ad be UY) 
LL «ccc ZZ e ARR LU dm 
DRNA md UY A a 
LU be LU Le NO 
NUNNNZOv IA 


GPSSPROG (4 


(1) 





NULL 


^ 
І 
| 


өң ж 


ағы? м” 


БИШЕБИЛТФЕХРБИКЕВЕСФУТрРрР-ФЕХРОМКЕС”) 
FNDEF(Z'NORMREC*, IPDP- 'tNORMREC') 


--> 


--> 


— wm 


— 3 


KALK IHK RT FE AK KU 


of IZ DF OADM’ 


cl Y 
— — + 
M0 
7 2) 


--> 
LIST)(SUCLIST), IPDP 


04 41020900309 WDAZ NOZ 
Fc L X EZOO «oae Y 


ч 
Jt e 
+ = 
jt U. 
+ = 
Ж“ е- II 
4 = eo 
% ғ C5 
+ WY eo 
+ =“ — <( 
3t y — Ce 
3t ш =ч С 
+ WM = <I oy 
+ м 27 Oe) e 
+ ғ = > Фа — 
% Y ul he шоо 2 
+ mm > æ а 4 
mt | os = Оо < 
>% ш am Z —ul— (2 
xt WY = Ww О-о ш 
© + — U» “ u к«(2(0 —) > 
сх O ==“ am y II c СО 
„шш J E — w <( c < Ln 
— eOtst B Ww no. O O| l C 
QQOrn et ! = >>. CX (К) = «чч? (Үү — 
чч Owe a e >= < den: С ыо< O 
"ек O O emm 0 m = бшсе 
aoe LH С. —J ч ш ADS <( æ U <q 
en с к (8 22 цыз OZI C) „о 
о Kae er - 59 шш m Wem Wn ow 
и мох m = Um < <XO „AL 
~ Обу E > VVN = OO Ср со 
£ OZ JW% UY = U) <> w D< «TE 4 
U e LOZ% m= — (C) С?) = =. Z (= 
= wee wt YS - zm LL f = —— 7 
w Oe SEH ш = ZX ~ w e» O =c O 
O JLN V LL} Ober > WS a 202 
ТО +.) > = > SBA e ZOZ O NX 
ТО „<< ~ [AA ome Acts UW м4 i| 
СС |. чоо et FP wom f= | A be Il CO V) 
<= П O м Q > > 2 | Ока — OD L4 
aw a || fl ast Ae N am <I þe p ed O Ll a 
Ue mam ff 3 | I > —J — — — = II í <( < O — 
ll 20 9 e —3+ | W | = OFX ум. AS «кч 
ammo Oe H+ Nem =~ = 72-0 > | = "Zr 
SNO wet tH vr ч =Ш<С.Ш Сб Г | >= 
wxdXaO»=* OF + Zoo LÍ uo - = Z > 
ZOOM IF -=JQ —O UJ«t CX OU «r«r ez o шт 
= <-> О. ON мое Il < a ft i it 
QAVS’ WX || uy NOATZanrdaDoOwo —mcm < OO 
c OA C K Ә-С.” Om <L 3 mm 
DI IH Ten «t си e JY) <= 
== Jen UN Ade и О яе 
Z k Zm еч TOZ >= | = 
=) K WUU JAUJA >> | <= OZ 
2) eH ш р ушу Or I| Z= Are 
= i «|I ez | им Qu | — 
* O O к |o 
+t o == ~Q Qa 
+e == кч — < ССО 
su nn ur - €t TU 
H APA ae b- C 
++ ы) e iu 22 7) DO 
+ UI wus Wi wa оч 
ый NZ zu = UW) U 
tt 
+ 
x 
3t 
$ A — say — т — s 
++! IO mo DO ely 
$6 = N pe u. с "uc qm] er 
+ => w ea? 
3t 


70 


pe 


° 
LU 
ed 


р y 9 


Ant di 
Е 
NEON Bi 


C 


4. үле үт өте се 
сузе FINO = CO 
ч 9 Ч A 4 


w jA 
Е = 
ш к 
O о 
a м 
LE Se 


Ре Tu JAS {II Dit U Den < 


--> 
Les 


— өс, 


DO 
N 


u. l 


ALC(ASUCLIST)(SUCL IST) ) 


аты 
— 


Ç + 
= DO 
m 7 > ЖШС (ә SOY 
3 — UJ. dou O.-JUul- It JJ 


Ө.) 
lll 
мч Z 
>= 
2/2 
Mm 
IJIN 
2521 
2-2 | 
„`2 


SUCLIST 


(21) 





М. ч 
+ + e. 
+ + 
+ + — 
3t 3t — 
+ + > 
% 3t Q = 
+ + «ton 
3t + о 
+ = + = 
+ n * — = < — — 
+ + Ж — ur — = 
+ ы? + == = = — > > = 
- жыш + М = Ae = - T 
Oe х 11 е. + м <{ lo — — O 
Om + © = 3t y OO ld -- — < 
тш ж — u * «о сс < -.- ғ = - 
pu Y = ш % 4 <~ z O O = m 
зо ж ғ O * — — ecc =D) < — et O ~ ~ 
шш. * кч 7 j = E N en Б j]. 
O * ы = ж ш O Om m~ eB ==, {aje O 
= j ғ e + = I O PR zou O OO „ое < 
uoce Ж © — Y ч 5 ~Z UO QOUO« at << DOI  =. 
-O~ о “> + O — N d Hyde =— ww Jive Z 
ep. O UL + — х | = MEA E Sle Oe 
= C) ii UJ + LL Lu + R OO On ге-<әгЕ O-Or —- 52055 
LL < — су at WT. 3 i < IA Ooa mema FJ mO m je j 
ш. сог + оц- FH ~ =0 ООО” нор O OmU 
о>сш r= е # = L ~j << JO) FU <{ << ft ¿OCP (< << 
Z > си м Ж — au 3t Шш ee TAI C (m VO OD — OC< O O 
Uno + - TOO Y = ооо or ә; 
wA eC Ж о OX х ~ — ZAUOOODNOZE JOJZ wo HOOO 
о иеа $ к < + A = шї <= >C < —I (G a po ro (Gea TY о 
ZWA m * — Or”. + O = OO ee QO (=m 
OR > = * E 220 Y a“ O OqoO-—-!O0a7»oo0maOo«o0oou a»cdoxol 
= "(y + WN Od Y Sey < > -моисорснаы IOOC 
П ZN ж в Шо» ŽA =+ lABIODO == =O < C SCO < OQ есхооО 
PEL, O Ж ë IZU ma PF {н «осоо I ODOF- IA  R-RODO-Ja 
ош += + èë JJ "O 3t | => FI DODN-O-HDOON u IN e OO AN Io 
Oer Wm x Б = = + nu z онс SXIAN | «1-5 IJ[IIL = 
-—QRe FAN LUON + == Ш ZOP Ib Н fe IOTI om H # < OO — 
цин Оо + | — Ш Н + „u N xXOIIPNI < а Оса JINX- 
o ml e | d Or e BO өл гово шос ии na AIN 
= ФИ + e = (>< HOT ее ә УСШ 410020) Я eL “< C < er ex 
УКС + (52 0007 ШУН Pai "nn -DO0.1N- == О) м cj ee = < 
CO << с. ы + O NOAX Hamn Skew O BUZZ = =Z=Zm m = LL) =Z U e ee WUJ) 
Zu In tu | <<= < IPe-ZZ Uul«—medQw-ee0OFUeO0OO/Aw9 > EOV O 
RIUS2=>LbL OO mu оың! Zz=c< Ош (Кс) Шз О | шш Z < — 
ХИ НФШ ua C 1 > LEE >Ш ШШ ООШ I! < << > н 94107) | ум << ALUAN 
AZINE- AAO <=<(LL Jt US IZN MeNe U e De >> XO Url >"? 
1DOOO 2 mJ% AD DOADA OO _IO-UMNIGZANDZOZWOAUGZ— ЭОС 2 
Кесе adt UO ZU ZU J De = Оси GUAXDIOIJA4AD- Cux«xai- 
e «T «1228597536 «ЦЕ = e IU) 3: d ———— = Je 27 ew = [Z w = = [Z Zamm o vo >o w `? 
~ +. < 3$ БОК» þem хе r wa wass et Z w w c _ 
E + e> a- + BN ямы F> > ee = jur = — >= i— F— i= i= i= == 
= jt UJ AI АЕ МЕР ДЕ = = = Uem uou ume.) 
= = + —! | - = | 3$ Uhe Ake IES DONTE ===: = 
UY) fa A% om | он Гот ыы нон - md > bm be bm bw sD 
In тоо 20 IZ | nn nenn NNN Um n U) U) .:2 
= | + —J - wO e = = 
> х o ~ 3 — AW O ы 
x X Eu UL 32 "С < «t 
= хи uu LLJ 3$ е = | °. - e 
u. Шек на Q3 wo o» f A э 
ш UJ% „er ha 35 ee эз == o 
O Qt EU Ux. od = p= H = 
= zn 0-4 mt $e) QOO C C 
ч. Leo OO Q3t «t чм «t «t1 
+ + 
+ + 
+ + 
+ + 
+ + 
N COS noo M3 00 DO rm cN c 
N NAN NN cN % CN Nae e (X 
+ $t 


71 





м. NC 

+ 3t 

+ 3t 

+ + 
> Y + 
== + + — 
— - + + < 
== = + jt O 
O => + 3% - бүг 
«T = + + = < 
— = — 3t ж ы = = 
‚N = - = + ж .4 LL. | 
< CU) =) — X + JD = > 
x il = = x % = БЕХ 
«T mY) e || == LLJ 3£ k Z со ~ < 
= OO = О кч * A c Qo — 
2 © m СС >< Ж. 22 2 (36 жАР < c eir 
= -€- «м << = «е SOx #11 =~ аю 2 
И C ~ "Z m~ F ——k0.3 3t | = К” ч = 
< LU E =i == о нон + ~ <I — 48 н- 
C5 o c) Im e V нот + ~ Z > (Y) 
ЕЕ 9 < ZO 2 2 его a Hmm Of - = O 52 
«T Z w e È V Т >= = м о œ С) um 
eA ~ < > “< = — Xp Am Um c O WS eth 
> ы ~ X O Ow М (QD LFoOO.0x« o = # >> “< ul OU #2 
Ze BM =F m ШЕ ое мое DU хаш < dc = |) Goo 
Mm 0 e = cce хр OO DOS LIS us Z < OC LW he 
== < || < aZ V O DUm 3% ~ х5 а Z (OC) #90) 
== аі (2 ZE — чо OW есе W WY Н 2 Бо 
e TO 0-0 Nek erc <> %--- = = < «5 e 
Ио aue. ло |! (COCO кен Hea H 59 (De UJ e 
ON > <| ROME <<! << Z+ Ze #мо <q il си © 
O< пм eC 7 и >>> qzuzeea mom ткш со о <(<І--С? 
=O и + INZUWY AÁAZOUWUW sk PO treu NX O "Deu 
ec A WOO (Э-Е-О. <Е-ОО-- + em tz =< с mm UU) y 
F-« C «o0 COND “ОО (к + 20. ш> ~ < Lm Um 
O- A СО ЗАО НАЛЕ О ll Wise H IH Il жей) = = DI = 
з кє ad -<—IDOD ILDONLNH дач + E аі = с (ба. Ц 
II 6 CO ell £ OOO | ZNDONO3S COOH + (9 а IXDOZ 
„ч m~ <= < —J r (m o Z< аі олс O И с ow 
DI > Ho e Ne< Z Fi; <<< jt << tm J| l wae ЗН» 
em GO "en IIO s НОО XL OF Orr dd IRB Io dene (9--020.02 
-..<І = <(<(= Ci aN AI. H ex e» 4 roe WA~ Il сс э OC > 


= =P= CO *< AZODSWAE.ZOOW-rK F-F-< = Het SI tO] - 000 = 


OOO J| Ae. Z | «Qi» ».ZU Zt Z<]Ze pe e. < ul *O Z Z> 
OTD | we We | = DON Ke VDernzUr Wat OD-X BY e =Z 0 
шч) > I >= — — II Z n UJ || Z Z = >` >Ш >= С» 482202» I н< WO 


INNIS Ом ОСУ = КОО Кк + 2 Z X 33 «тг ног 
UJ < ~ OWU WZOXA <<X CO O Of OujdImPz3rmaadoedqmedor-zog 
ә соо) к «к. БАБ Кн ОЈ оош о «Ос сс О» OOO > 


lo CO Z Qu» <= = je o Sete = oe f = e 3t e.. >o o o ¿e LIOIZO.*. = | ИМ 
Jee Rh ph >e БАБ ББ шањ OF = 
EEUU CI zeZ т AIT Уг Уу Ша ОЖ =: 
гы >> Cm 2x ZIZ E ASA = = b= 
AR р = FF = = > | Б ЗЕ ТРЕ с 24А А 91 AQ 
eye N ФО AV AY) д NH NNNNNFOTAAINIYN awn | >< 
© > N — + ro O C5 | 
m < | = = + + е x 
OQ ш | = = =s х гест < < 
C9 E > >. 2 Hr E ч m 
- - = = e +O ed ed нон H- 
== ~ Y) Y N +O пс ee ee = = 
[єт HM Go сз D 8 JG =s == >=" > = = 
O О OD = > *= *r-- - к = 
«t < IN 27 (> + FE #Фшю пм (9 Y) 
3t + 
+ + 
+ + 
+ % 
3t X 
— . -ң — т, om $ — ж PA A = mem c = 
+ uy om со + O $ мою + LA oO 
сс) m mr e #+ HPSS + y + 
tà w s w w J — o чч w o 
% 3t 


2 





NULL 


~ARGB) 
COLUMN? 


? 
ж 


LJ 5e OU vU) S 
Gu 3 Q O— QO 
ASES 
Онеш. ч. 
amn cO) LL. CS 
~ — Z cD <( O. O 
= <í O Q JOZ 
Z (CD 
Wn. 

тз [са [| 

= =< 
OZOZN MN 
O O OWD NHN 
DN SP — = Z= Z Z= 
| = — >= = = >= 
| <от „О ОЭ 
zer os, 
LUUU-> 2 QU ICO OO 
ог» 
BO | — | 
— (D < Z ZÉZ LÇ e o. 
Б «< шл 
ӨСКЕ” 
«О(99925:ОО<”ш 
„к< ооо шо) 
> Quo) 
>< = = u) uf 
be be p-— = = 
шш 
= 
== 
o O 
€) 


NULL 
A RE 


ARGA.EQ.1) 
; ARGC) 


PHRASE (CHARS (COMMENT) ) 


--> 
--> 
RGA=ARGB + AR 
ZGSTMNT) 


: 
A 
) 
( 


--> 


и. 
М 
М 


GSTMNT('C 
GSTMNT 


=== == 
nm 
сыл 


GA tee 


7) 
8) 


++ 


(50) 
(51) 
(54) 


( 
( 


ХХ ХХ КК КАК ХКК ХКК ХХ ЖК ХКК ХХ ХХХ ХХ К С КО С К КК ОЖ Ж 
Ax < 2 2 > 2 К КК КК FRA KK FE FT FH AT AKT IT KT KT II KK RAT KA N KK II A / 


LEXOLOGY FOR ENCODING GPSS 


© 

II 

> 

LLJ 

= 

u 

þ— pd NJ ңы. а 
2.11 11 си ЮО 
OZ ll H l H Hl 
=00 === 
00 Seog 
= COCO COCO CO 
- » o огл ж 
— —— ғы ne nen 
EDT өң ез ез 
А ГЕ SEE JT: I E 
p а сае 
bu be pe C oN) 
NNN AAA 
Soia, <( <( <( <( <( 
ut AN eut as əм” a 
ÍIÍDO IOWLOIT 
OOO TOOG 
Coes Gees. "abe eae ae 
IIIe «px 
ШЕ ЕТ l H H H I 
AUN. er Ooo Е 
bh bh hh hh hh 
соо ЗСО 
<í <( <( O LLJ <t <( <( <( <( 
CO OO OO OOO (ОС 
< 
LL. LL. LL O) = LL. LL. U. UL U 


IIND 
Ее ее Са Co ae 
(Ile ZALLA 


ARGDH( 'RMULT*' | ' SELECT 


(55) 


uo 


NULL 


ARGDH 


(56) 


ARG(DATA=APTR (ARGFLD) ) 


LABL(LABFLD)) 


ARG(DATA=MOD(MODFLD) ) 


COMMAS(NCOM(ARGFLOD) ) 


ARG (DATA 


nm ишы, 
моо схоче 
ии O T.O O 


л А = Кш 


ATA)-Q3LC(L INE) CLINE) ,AEXPNORM(L INE), 
LINE(LC=LC+ 


> 
жа 
ш 
= 
= 
= 
w O 
> ~ ә e= 
СЭ шш = 
= = = 
| bet eg MC) 
= eng E] 
VY) u. r 
< (25 
zu) 105 
o (SQ 
Sr nz (nu 
ID ~O. — 7 
=< <> 
UC u 
<= <ar 
“Jt Oe. о 
at) eer 
ej + mc 
Rel Da > 
+ ғай ТЫЙ ое 
—J <( шт beja o om 
AS E a 
te Le 
Anm XQ IX 
WI. DIGO 


zi A U. IU => 
== | OR OS 
Jo e | = UDe D 
x Өр, ге 


WON үре IM 
Z>-AI <<. << 
AS A -- Б = 
Rhee Toit 
м NAJOOO 
Ш tus e 
хе 0 C5 
| =“ e cc c 
|М W< < 

= 
% 
(> 
ты 
> мл 
= LJ 
O г. 
> == 
>< = 
са + 
“0 “0 
aen a 





`` 
+# + 
+ + 
3 3£ 
Xx 
++ 
%% 
+ + 
хз 
3t 3t 
+ + 
3t 3* 
xx 
tt + 
3t 3X 
35% 
3t 3t 
3t 3* 
#5 
3t 3* 
+k mm 
#7 == 
Jt % шш 
жж = ы) 
3t 3t «t co 
++ za 
++ к м4 
ж а 
~ $% С“ < 
UJ +c € ш> 
a %% = u. 
м Я ss 
ы хх I Il 
0 FH NM 
— ES СҮГҮ: 
= tH Ча 
D %% EL 
O +#++ OO 
>x 33 — шш 
# + = = 
45% < <1 
++ ZZ 
3536 
N 3% 
| EE 
| FX AA 
хх | | 
w% f 
3t at 
„re 
— Jit 4t 0» 
pm DH $€ U) = — 
NZ + Oe = 
< #3 Of 
- х Im 
> ++ Oat 
x HH Ze 
Nt Hm Soe 
ul | 3*3 Oc «x 
a | H+ Oui» 
є хз соњи, 
O 30 Z = = 
~ хх OE 
(LUI te Ht oe Wd 
ZEN OU 
чка ЖШ С су 
Jide. ON 
## > 
3t 3€ CD 
3t 3€ CQ 
H K 
жж О 
4  — — 
ло $£ O. = O 
OOKKO 
ix x 


( 
) 


С(ОАТА(АКО)) 
G) ) 


ao 


ON Сс 


(а9=ОАТА, СЕТУРЕ, а) 
(29.EQ.0) к=? 
==2 МАМЕ ( СНА 


АВС 
АВС 
АКС 


= т t 
СО ч 
омм 


was чане Чие 


> 
К 
= 
LU 
— т 
т `= 
© e) 
б = 
«t = 
e се 
-- O 
о И = 
= xe - 
O == E 
4 Zule4 (9 
| A n=. cc 
> mM CD «t - 
Da +О wae езі 
wo = (D WODO Zæ = 
Ш<тл ~ O mx sogor zoa LJ 
оа = ~ c < — | юнча. = — 
=<, cd Г c О «Qa Io <= =ч m м 
жи с cr O. e Zc ZU = = ко 
25 <= < м ~ 75 2 еп 2ш оа = Ш е > 
а. ФО. =>) СЕС) у> ы =. Ш. 
OZIZ = = = O ene Z ET O 
fone eed OD II < É mul UL AO INN ~ D W 
2509: mau >> TI ed | lI NNN za 
SY) mt eee Seer СС = СО) шшш БОЗ) езге б ч чыш 
c euo. INS >> ал | Cee ——"—— = 
КО — L2 2 es er (С=О М!) e +. «езеа(ӘСОГ D 2) 
ә) Coelo OO Dem IX Z mMer Z Z 
о = РО от — u wig gg on od И II 
—OreD mw Wee 22 шш wA mpe NNNNA Tom 
Tee SF <т-5ші 2 сус ZUe aZ er ete es St — 
za ха@а-—< >с. OO а ZNZO воәоәозоов( (ОС 
<Т 1 024 — > ч ч-ш оС ae 
= ктп = e > o ZQZzO wk ee he eR P= н 
N AA ATIT C) A ш AI О О ED ee 
| Al I 2а -^ O IG гк-е-шаосаасоааооа о. а 
IAT UI келп! xm Alb I БББ АН 
| ! A= I” I <= | [#2] x (O f ыы 
| = > | x IZ | MAYO = СТС СІ ГЕ ЗГЕ 
LIZ 4 | чо ZOZ || 
мот T= оо 
~mm w ZOD Ome >> < p eO 
Pee Wi "o Ulrmoe 2 á Z «uic ш AAAAAAAA Л AN 
Z> SA UO mm ~ e C ее ои оС ЕЕ | ~ | 
O>de> UL. IIUL I Zee dee (Om Z 0 Pleat EA 
w t D — LU HUG SS NICH > > ! = ш 
рн? Z CZ XZ OK ООО е ME = 
O AOS < MAIZ a Ik oO zc ; 
<W U T CZ ZZ Z IXA Елер ма Z et A} CO mu г ~ 
ee Qe = Y) N Gc zu >O ~ WUJ UU M O ee o coco 
Hie Ge = - Фф œ = >Ш >< Z= «ООЛ у г уг уг = zs = >>: 
"ass wara "ase! wass "=s ward мй et was wa ма чаа чана че < L > = = = un) 
OOO OC e ео М 
adc ceo co (msc СС ОЗГЕ И С се 0 
<( <( <( <( < <€( Il <<< aa ad a aa a a шш 
PR E gr, PY CS oy ле a el ағу ола, атқ, =u cm amm GR. qun, SU, rum, SEM С) рр ER 0 ц saq. tt 
Net) dr uon о Or NM FUN O мосом ОО 
[= Pe [= fhe fhe fh fh Мс ОО оо о ОООСОСОООООООЭООЭ 
anas "ast wes! acd “чаб чый w as wasp Чани? qe age w ‚| ee? ел шеш кш „Кы Бе ы ш 


74 





е 

++ 

3€ 3t 

jt + 

+ 

3t 3* 

3t 3 

хх 

3t 3* 

+ + 

жж 

# + 

# + 

Ht 1 
+++ 2 

+ + > 

+ + = 

+ 3* 

3t 3€ 

%% 

хх 

3t 3* ^ 

3t 3t | 
ж% | 
++ 

ж% 

3e 3t a 
%% > 
+ + — — LL. 
%% "m 
+ + UJ cy. «X 
Jt 3t > Wu) 
# + C 
+ + -e 
t+ + DUJ ~= 
Jt 3* = = — 
gi мос 
+ # ‚>. 
FX © Ze 
## —= 
3t ++ e F— >< 
## DWM 
tt Gx 
HH ш 
+++ = 
## — A 
ж «= | 
33  E^I 
Ht ees | 
je 3t cC UD | 
х ОБ 

* + == 
*X*OO = 
шо = 
3€ 34 > = еш 
+ | —- V) 
3H Me Wet 
** ONW 
3€ 3€ Dc LL 
+оо шш 
% * — O V x 
%% Ze = 
rt Du 
$ o Om j ha 
ки 22222 
foe LS SS 
хх EE 
HH CNM 
3£ + C) ><>< >< 
3£ +ç U 

+ + 

+ + > 
RÍO 

+ + O 

+ H+ Sennen 
х з ОО чс 
++ xooo 
3€ 3€ UJ e e e 
hen 


ХАКСАС(%Х5ТММТ,ЕХ(МЕМ)-З,-ІМОХ(МЕМ)) 


XSTMNTÜ"RMULT®) 


(103) 
(104) 
(105) 


== > STORALL(ZXSTMNT) QALL(ZXSTMNT ) 


XSTMNT(* STORAGE!) 


STORALL 


u en 
—) 

сш) 

— al 

«1 «to 

ac occ) 

оон 

Бо 

UU) us 

wae? чно С) _ 

Т 

aoa 

«T cx. eo 

wt <I 1 

e |] he 

e I. 

ОС ЕС? 

CO ч 

Om Yes 
Lx aO 
O «Oe 
pee NY med If 
WW NK 
e >< > O 
W OO Z= 
XZ Ze 
ік Ас de et 
O == w CC 
wt OO 
xoga 
А Б 2 
|] OO O < 
{і e U LU 


e 

x 

> 

Ge 

=! 

«t 

fu 

>< 

= 

mU 

>< 

— í 

— — — g 

bpb e 

~ ZI + 

= es 22 = 

aM p 

—— 1 Б UN NU) +11) 

< О) >>> hn T 

EC >< — — Z ee 

1м w () O mQ = >< 

GO JOOO-LU. 
— Q О с СК СК) |! 

AA <T < <I <1 X< =— 

CO mm IN NZ 

<{ |! “к=к UJ 

— j- e ao OO 

=L c CO CD CD OC < 

= Ш pad Pd en CT SX 

Cwm OYA $l 

= aO Ma & eg 

Oo Il OQO Il 

WKAR UH I< 

e XQ | =< XXO 

521 пасс 2 
2 [zz zu 
a 
Dur Om 
~ hke мси си с 

646 сә Гей 1244 CO CO O. A 
Je | 
Qosuaogoo«s | 
pæ UJ Fe o Pm LL LL LL) pm 


WS > KAW > KX OWS SS xX 
КОСЕ СЕЕ 


QALL 


(106) 


XSTMNT(*T 


(107 


NXTALPTR 


(108) 


ves. 


) 


NDOIR*' ,LABL(XSTMNT) ) 
STMNT)) 


1 


= ° F 
M)= 
P(X 


R 
E 


Ur Zw 
N => ПХ 
РЛАР Та RR ee 
2 NO со 
инфо 
VD) foe t CX 
AN >< LL. LL. < < 
fw LIU) e 
| «st. JUNU 
O > =»! с. 
c (N + x< >- 
<i} tore 
NH XXx<ZZ 
— «If COO -—Uu. 
| — Z Z MV 


DK KK >< 


XSTMNT (* F 


(109) 


) 
100+NOPTS=TEMP/2,XALL=7) 


6 


II = 


Zr 
=: = 
лы; 
| Ni 
хи 
Бә >< 
~D? 
U) wor 
O- px 
m 
po A O 
Ua 
«Al IX 
— >> 


XSTMNT (XY 


(110) 


D> a 
=Z > ~ 
“>< 
so D 
ADD 
| uj 
| C > 
Dur 
LL] few wee a mae 
GO >= = + 
= OXDO 
om SO > OO HY 
E- qx Il 
C) < >< X. >< Ç) 
«E Rx 


y XALL=XALL+1) 


XXYOUT(LC 


(111) 


NXARG 


(112) 


FA iN <, Ñ 


4% 





--> 


XXYOUT 


(113) 


YT ED СИТ 


O 
42 

> O — 
O > m 
Z > = 
кч >< 2) 
1 = О 
XOS 
OXXA 
= >< | 
O | 
e eO) 
оа. 
DZC) ~ 
Ое = ul 
> + + = — O. 
X cO e» 
>x >= >` O | eaw 
LL JU JZ — Zr 


XVECTOR(LEFT( YCHK) ,RIGHT=1) 


ж 
! 
| 


YCHK)) 


Т ШОЛ ЕШ оет ОИЕ 


;L AB 
STMN 


= >< 
си 


¿n> >= O. LL. < K UL. A — < 
O < X U md SO Z J I í X 


ZzWuIte uxo 
e — JO TWO 
(NZ = <> (O—F 


< < 
> il 
~ С 
ur 


| шш > => Dada. 


= ALIW „Oo 
—) “TO xe 
=) ОО Zu EN «IT LL) «T 
=. —> + | >> 

(3 cN | Uu. 

= O - 

LJ ule = 

б. O.G P= 

> mo Z 

= мм 

ч этте 

Zt TOWN 

> >> > >< 

E = q sem, 

+ помо 

ны ч 

"4 сгчігтіг-іс-і 

u Lodi d Rom 


= O 
== ==] ==. 
+ { = 
= ж SJ жж 
= ~o a Y 
Ш ecc — J O 
> (“ч і < < 
= Ten) | со 
>x Ox em u. 
— Uu zn 0 =) 
=ч п Ша. ша к= 
II ~ see If ZŒ “-/ 
H= = 89990) --..) nt 
Je U eer x! — — + — 
O > JJ“ UA — x e Y 
кз ош» HT” сс омо 
(г KXK AIl HO = < CO <t 
el» LL. > TL к СУ =a aan 
AZ e EE Ос e еч Lou 
y= OOO w = = ll SL 
xL = Y Ae a. -- ә 
mY? ш C > | = = ою) 
Lu ч со —J2) е4 > =—() 
ох х e mi =ч w YO.) 
mio © se << C м< OJO 
со ЖУ — мым м ML xu 
< mm Y на Ни О-о 
> il | oO бата a. EE ux 
x= = d o € LE Jx 
T e Fm) бї (9 00 Ао 
O X wei НН . e CA) CD) LÀ e 
æ =D AA e (don ccc | “ше 
Q O» mmj ОЈЛ 4 er * | ONO) 
N + CMHOONW mr] = + SUN Jede 
IN Omg Oost (Los NN вии» 
I( Il AFC << Е о ИИ | 02022 
> | G GO > жж кєр О XXX XUA d 
ы |е ео ә а LOZ + 
QD M OOO — L X „сс Q 
on) HDD OO *O IA 
ek ae pe et dpe ee AN = LU jle СО | 
PO" IZ IIZADOOO *QODA | ODO LL. | 
CC LLJe C c€ Z Гшшсшшс | | ШШ) eu 5 
<>онннны | >>=—>=!Ú7 >>u> H- 
о ос xx >< Y 
nm ш O ~ 
е > m DE Y Y 
w w w k= O Q 
= = mJ се e oO. <ї < 
= zZ 2j ++ N со со 
> > < e СОг. tu. LL. 
= н cc се си < Ə > 
N т к= = ro = = 
>x > а. er O. = Y Y) 
нта, — же ты қ sama, qni, = atm, 
Oo © =d N M tA “0 
-4 (N N N NN N N 
e == т = A e I 
wa u un a Га ш — “.. 


76 


XSTMNT 


(127) 


LABL((XSTMNT ) . NE.O ; 


PDP(MEM)) 


), 
9) 
=I 


MEM 
“үс 
H 


G 


_INDX 
BLKDIR 
T)),RI 


+ 
4 
М 


А 
Y 


XARGELD(APTR=ARGA (XARGAC) » SNACNT (MEM) =0) 


XARGAC 


(128) 





„MODIXARGAC) ,MOD,XMOD(XARGAC)I) 


XARGDH('R 


(129) 


s лл үл ғр ға 
UNO 
ll H H H Il 
<í < < < < 
>= = = — — 
(299995702 
Гу = 
© & & & 
F T T E T 
сабе 
GOOO 
C 
< < < < <I 
>< >< > >< >< 


O wass wast wet t mgr 


pe o CC e CY. cc exc c cc 
<І1<7(2<І» LLA 
lH wu xag ao gg 
ОС си Сое) СИ си си С с 
ааш. 
SO аса а.а J 
«T «t» U)LLI «t «t «t «1 «1t .J 
ut ust DN) Set (^) Sm чыл m ut apt) 
Өсзесе асэссо> 
EE A J U U J 
ЕЕ О = UL U LL. LLL LL. 
BDODOD-DOOOOD 
(ry c POE OO LJ cx. cx. exc а с А 
«T«r «1279 « «rp € «x 
>< >< >< > = >< >< >< >< >< 


XARGDH 


(130) 


NULL(FX(MEM)=32) 
) 
q 


О 

D 

G 

D 

S 
SETDERCENBE 


XARG(DATA=APTR(XARGFLD)) 


RGFLD)) 
LR(DIR)-9) 


\ COLL И c 
MZZRADA 
hm s.'"TLTIZI 
ШОО со | | 
W O O ru 

~ JZZ 

е wv 

= AL) ^ 

ІРІ ЕН ml aA 

210 eu 

206) = CO | 

A X C. < 

= <ї =p 

-— w Г 

суб О О х 

ы! Jed cC cr 

ш Ч. Ши, мч 

C O GOAS 

DE) r <= = 

== «t «tuu 

>< >< XX) 

om ә PTI от, m ¿s 

eO (co Tuo 

Mm YOM) 

aS e 0A m e 


A Ge 


ке Ча nef aet 


FX (MEM) * INCREM; 
о о ak жк | 


sk ok oe a ake жож жож ak akc ak ok ake ok oko ok ote tot жж / 


EM) 


ХХ жж 
ж жк КжК RK к 


X=VECTOR 
СЕТУРЕ, а 


MORPHOLOGY FOR E 
XARG la 


(137) 


9. 
XA 


G(ZDATA ( 
NULL 


e 

= 

+ 

PT 

= ө» 

Uu. e 

5. 

U 

uz 

NZ we 

C) >< 

IQ 

Oz 

- i 

- + к= — 

OL m = — 

> =D “> 

!ш Eo ~ X 

= «Г < өнд <І 

= —4 (5 ~ а 

LL. >< q >< CD m XC 

LLL — C < oO mE 

kelle IO ©1010 5 

NL 7 о. > m 

Ye De O >x >< 22 

COLL bh LL m >< a jl 

III II + Ыс 

Ch Sk IHM == 

-yx ILO ~ пан 

OC CO COCO rm m >UxXKd 

ate <r > >299-- 

e. CD — СО er ШІЗЕ er 

~o We (Y. Z хо 

Duke OÖ ~w >= ишш FT 

oce ll] = x LL =<“) 

Ie =ч о ОЖБ «ш 

Ш-Н wu = 

>< lL OS =ч <U >< 

kk DE KX cm em (O 

AYE WY UM Mz t 

О мом II =” Dr >< 

бешм шу ON LU cx. + O 

— < Ç) < eZ Sie ZA íA 
NNDIDNAB“A.ZTI | 
| Е-е De | 6 5<><01 Г | | 

OA a п Н >< 

e LOC __J e — >< ü. 

зш м НЕА 

w (9 Z— |! — — — 
~ Сү’ өле өл, ене СГ) > Туе = 
e O e e lO v XLI LL 
ar > J DL. 541 
Qo -<а 022 — >> 
м цу Е ee == 
=> = әш: о < 
әх = ш; mo 
< чш IG 
e e (C) > > 
«^ < = A 
u I a A See? 
(9 € ocd 
xX cc cx eC OC 
< < < <í < 
Gi Qu asas 
x >< >< >< >< 
Q отты әң om ome 
о aN as 
+ + + + + 
e 4—4 mi 
u. шм? та? Че”? 





=22, 


o did 


АВС), 
-LEFT 


XPARGI( 'SN 


(145) 


XP ARG(' SN 


(146) 


Ф 
PU 
= > 
ш LA 
> e 
мес 9 
С”) P e Lu 
= ES == ЖЕ 
= ооо» = ° 
ТАС е — e 
> < < (9 = 
ие & Cm ш 
m x x < > = 
EIC таш me CL. O > 
ee) 5 X Z со 
= Z W = (шм сс) 
ст С б O ! ° 
к нь = > ш 
a TWN о x = 
v = ll = (C) © 
~ T_T < | am a 
2e E pee i = 
UJ m~ = < Tp Il ш 
>з (ү A COLL — j= 
w lj e w rt LL SS e 
ШІ © сш = 
Z (NN м “|ЖЖ el 
20 Il < N Ow «^Ш 
Z= > NIX 2. 
> Z= u, пс ша 
! асш БШ [Ore 
— X ol иШ + 
= | — We XQ 
LJ ell)  ——————-X. J eq; C5 S 
00 ' -NrM-=0O-wuO шш 
— O ONINI IWO Я 
осо hme - DOG + mu. 
ZUx <TIIIODOWU a> 
ae Сеспсоспевау> ZTU 
a e Ar tl rt LOA ШИН 
XE NXXX = Zza 
11) | Z === c w = 
OZAIANOONM O xxu 
Су | WNMMN = ч С> 
НО | zumuHuHAOCA law 
> I = | WIAX-X 
ME: «fu LLLULLL | > | | =— [f u. 
Exc ogg mj x 
U = (CY w ШШШ = A 
Cs —I— COCO COCCO ~ WY | 
O <“‹\о COOQOC OE A xX—UJ | 
«> = сл | Ox > 
x AZLAXAXAXXAÍYZA> 
Оч Jm 
= >= == 2 
= >. x woe а 4 
OO ош = 
а е 6 COAOY (2 
<< < с) ш LL 
er er 2. (> 2> >> > 
>< >< >< >< >< >< >< 
PE PT omy omy, IT, aum, Come) 
Om NOP “0 
LA LA LA LALALA LA 
— 4 at rt A =4 
asi шш fae? wasi "ыс? waf wv 


78 


XVSW(TIMARG) ) 


om ami 
=ч (9 
ми 
~ «I = © 
Z > N m~ ~ 
ш іні > om E 
ХХ e Xx = QA 
>< a et? e o. шә 
Á e Z ~ U ma 
æ Z 4 - = =o 
D OF > > w VW 
Q. q X U = kc 
Ho 2 Y Mm mi 
ы NAS “AZ 2D 
І Фә - ID IZ 
O >—ф> На 
W= ZEX Z MH Qu 
ЗЕ «к шш = D е DZ 
ЗЕ il == > — ND 
> ud) So = 
ЗЕ x VO I Zu Die 
a. АН О NOW 
mmp I OWI oe OO 
л(СО ол Cmm 
axa a NH DD 


=ош леше == um 
Lee | + Zar OMU: Om 
OOWL | —U)— = < Z ( = = —— 
шьш ZZW «eux 
NUO>Xx.J) Weee ZWD 
MS AR S Z 
Na > ее ZEX 
><i TX KU Dt saw DD dc 
=O es еу г A Z >= = uy 
exuje0cuJ! Ze DoD Dew c 
ег. ЛО Ног = 
Hd MH gp mM mm KH LAD 
AZZEZOFUISY -Dnzas|izZ 
DZ DDUZZAIN-ZrDODZ | 
(8 Z ZZ >(O— | Q Nes UN) 


Swe KI KZ | DO bL 
pe OC OC OF BO ZZ LL әш CD 
шшш + C) ur. eco e N 
Anand.) ev OZ g< — | 
И —ш ош AZ] 
=a) =) te JNO IZ A 1“ 
О2222 «02 | оаа. |> 
< Е | >< 
= fo wu — 
9 w. < m 
= So COLLILLJ 
-— co м c coco 
N NAGI «x «> > 
<< JZZ 5 > у> 
Z Ze м а. 
YY ULT = EAE 
= —— IT өң PE оң «= 
м ООО we rv co + 
UV UY D DON 
о ef 
ut u u ws rt u <= ape 





SUMMARY 


Semolog 


GPSSPROG---------- 
AErrlbutes: 


Function: 


INITIALGPSS------- 
Attributes: 


Function: 


SELIST------------ 
Aterıbütes: 


Function: 


В Т TY = === 


Attributes: 


APPENDIX D 


OF GPSS/X-VECTOR SEGMENT TYPES 


у for encoding GPSS/X-Vector: 


Top level segment type. 

none. 

Initiates the GPSS/X-VECTOR rules. Creates 
initial GPSS; SETAGL, STMNT, SELIST, EXEPFUNC: 
NORMFUNC, DISTLIST, SUCLIST, DSTLIST, 

ACLIST, and TMLOOP segments, or goes to null. 
Created from GPSSPROG. 

none. 

Initializes GPSS and X-VECTOR random num- 
ber counters to 0, sets to 10 the value of 
the LR attribute of records that will store 
pointers to X-Vector entity allocations. 
Created from GPSSPROG. 

Those of STALIST plus LC. 

Creates STENTITY, a copy of a STATENTY 
record, for further processing or goes to 
DUIE 

Created from SELIST. 

Those of a specific stationary entity re- 


СООТ TEDE: 
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Function: 


MELIST---------- 


Pates: 


Function: 


MENTITY--------- 


PXtrrbutes: 


Function: 


TABLECARD------- 


Atteributes: 


Function: 


EQUCARD--------- 


Petri butes: 


Function: 


Ne = 


Prtributes: 


Function: 


BSLHMFUNC-------- 


Peer butes: 


Function: 


Creates EQUCARD and a STMNT segment for a 
STORAGE. A pointer to the IPD record is 
maintained as the value of attribute IPDP. 
Created from GPSSPROG. 

Those of MOBLIST plus LC. 

Creates MENTITY, a copy of a MOBENTY record 
for further processing, or goes to null. 
Created from MELIST. 

Those of the segment from which it was created. 
Creates two copies of itself as EQUCARD and 
TABLECARD for further processing. 

Created from MENTITY. 

Those of a MOBENTY record. 

Creates a STMNT segment for a TABLE or goes 
БОЛП ВЕ 

Created from STENTITY and MENDIETA 

bosco pe AI MO BENI record: 
Creates STMNT for an EQUCARD. 

Created from GPSSPROG 

None. 

Creates FNDEF which is a copy of 'ЕХРОГВЕС' 
and adds attribute IPDP, a pointer to 
'EXPONREC does to null. 

Created from GPSSPROG. 

None, 

Creates FNDEF which is a copy of 'NORMREC' 
аша ааа авевтри Ее PDP ma pointer. to 


'NORMREC', or goes to null. 
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DISTLIST---------- 
Attributes: 


Function: 


SUCLIST----------- 
Aceributes: 


Function: 


Attributes: 


Function: 


DSTLIST----------- 
Attributes: 


Function: 


DISTDEF----------- 
Setriıbutes; 


Function: 


ACLIST------------ 


O ULes : 


Created from GPSSPROG. 

TRosetor DSTREAS TAPAS ЕС 

Creates FNDEF, a copy of TYPDIST, TYPTABL, 
EXPON, NORMAL, or UNIFORM for further 
processing, or goes to null. 

ereated fron GPSS PROC: 

Those of SCSRLIST plus LC. 

Creates FNDEF, a copy of a FRACTNL, PTYP, 
ØTYÈ  FTYP; Or STYP successor descriptor 

for further processing or goes to null. 
Created from EXPFUNC, NORMFUNC, DISTLIST, 
SUCH ES.“ 

Those of the segment from which it was created. 
Creates 2 segments that represent a FUNCTION 
and FUNCTION X-Y coordinates or goes to null. 
Created from GPSSPROG. 

ОЕЕО DPSTREIST plus LC. 

Croaresnpi S Tp; a Copy Of TYDIST,  TYPTABLG; 
EXPON, NORMAL, or UNIFORM for further 
processing, Or goes to null. 

Created from DSTLIST 

Those of the segment from which it was created. 
For each record with a SUP of 'NORMAL' it 
creates a STMNT segment for FVARIABLE, or 
goes to null. | 

Created from GPSSPROG. 


hose ots NEST 
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Function: 


DNerribüutes: 


Function: 


Attributes: 


Function: 


SUCSTMT--------- 


Attributes: 


Function: 


TMLOOP---------- 


Attributes: 


Function: 


“т Б рес: 


Creates ACIT a copy Of an EVENT Or ACTIVELY 
for further processing or goes to null. 
Adds IPDP which points to the action record 
processed. 

Created from ACLIST. 

Those of the action record from which it 
was created. 

Creates a STMNT for a comment card and an 
ACT segment. 

Created from ACT, 

Those of the action record which has been 
copied down to this leve1. 

Creates a STMNT for each block required 
for the action: 

Created from ACT. 

Those of successor descriptor records or 
an action record. 

Creates segments for TEST, TRANSFER, or 
GATE blocks from successor segments. 
Created from GPSSPROG. 

None; 

Creates STMNT segments ое Emme IS 
blocks and START and END. 

Created from GPSSPROG, STENTITY, EQUCARD, 
TABLECARD, FNDEF, DISTDEF, ACT, SUCSTMNT, 
TMLOOP, STMNT. 


SUP, LABL, MOD, ARGA, through ARGH 
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Büreerons: Preprocesses certain segments that have 
no further use and those whose arguments need 
amplification to create either a NULL segment 
or another STMNT segment. If no special 
conditions exist on the left, creates copies 


of itself as GSTMNT and/or XSTMNT segments. 


Lexology for encoding GPSS: 


ESTMNT (Condition) -Created from STMNT. 
Attributes: SUP LABL; MOD, ARGA through ARGH. 
Punction: Preprocesses segments that are not ap- 
pPlicablerin CPSS and go to null or that 


require other than normal processing. 


COMMENT----------- Created from GSTMNT with a sup of 'COMMENT'. 
Attributes: SURP CHARSTOr SENTT., 
Punction: Create PHRASE or SENTT segments to insert 


comments in the GPSS program. 


GSTMNT (Default) ---Created from STMNT. 
Attributes: SUP, LABL, MOD, ARGA through ARCH. 
Eine Elon : Creates a series of segments that represent 


the fields in a GPSS statement and a seg- 

ment ARGDH for further processing. ARGFLD 
segments are created for the first 3 argu- 
ment attributes of the segment. 


EEUU Eeee nM Created from GSTMNT (Default) 


Attributes: Those used are SUP and ARGD through ARGH. 
Functions: Creates ARGFLD segments for ARGD throv 1 


ARGH or goes to null. 
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Attributes: 


Function: 
MINAS == — 
Attributes: 
Function: 
ARGFLD------------ 
Artkrıbutes: 
Function: 


Attributes: 


Function: 


Attributes: 


Function: 


Created from GSTMNT (Default) 

LABL 

Creates ARG with an attribute DATA with the 
value of ГАВГ. 

Created from GSTMNT (Default) 

MOD 

Creates an ARG with an attribute DATA with 
the value of MOD. 

Created from GSTMNT (Default) 

APTR, NCOM 

Created COMMAS and ARG segments represent- 
ing a comma and the value of an argument. 
Created from GSTMNT (XYLAST) 

Those of the segment from which it was 
created plus LAST. 

Creates NEWLINE1 that starts a new line 

к сот анат а = шее Шии өз пк еу шг 
processing. 

Created from XYOUT 

LC LAST XYLASTPT, attributes 101 thnoue 
the value of XYLAST. 

Initiates output or GPSS Function Follower 
card X-Y pair values by creating two ARG 
segments each with attribute DATA contain- 
ing the value of one of the pair or a 

роп рег лрто ПР кессон DECHEC with at- 
tribute NUM taking on the value of Ex- 


ponential or Normal distribution X-Y vulue. 
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The value of LC is compared to the value 
of LAST so only 4 pairs of coordinates are 
output. When the value of LC is greater 


than XYLAST, output is complete. 


Morphology tor encoding GPSS: 


Attributes: 


Function: 


Attributes: 


Function: 


Ец ев 


Function: 


Attribūütes: 


Created from GSTMNT (Default) 

SUE 

To enable the output of the nine letter 
strings "terminate" and "FVARIABLE". 
Created from LABFLD, MODFLD, ARGFLD, LINE 
DATA 

Segments are created depending on the type 
of the value of DATA. Segments created 
may be PARG, NUMBER, or NAME. 

Created from ARG. 

los Еск jez ecmen? Erom which it was 
created. 

Create segments whose type depends on the 
condition on the left that is satisfied. 
The created segments cause an output of 
single letters for letter segments, char- 
acter string for NAME segment, and integer 
or decimal values for NUMBER or DECNUMB 
segments. 

Created from XARGFLD 


NCOM 
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Function: 


NEWLINEl-------- 


Пг лев: 


Function: 


NEWLINE2-------- 


Attributes: 


Function: 


NEWLINES8-------- 


at bates: 


Function: 


COLUMN8--------- 


БЕСТЕ бав “ 


Function: 


COLUMN13-------- 


Attributes: 


Function: 


COLUMNI9-------- 


Feeributes: 


Function: 


Attributes: 


Function: 


NUMBER---------- 


Ат рев: 


Eumetion: 


Causes the issue of commas prior to each 
GPSS argument or fills in commas for any 
missing arguments, or goes to null. 

Created from GSTMNT with a sup of 'COMMENT' 
ones 


Scares da new line In Column L. 


Created from GSTMNT (Default) 


None. 

Starts a new line in colum 2. 

Created from GSTMNT (Default) 

None? 

Starts a new line in column 8. 

Created from GSTMNT (Default) 

loe: 

Movessthe column Pointer tom olum 8. 
Created from GSTMNT (Default) 

None 

Moves the column pointer to column 13. 
СЕЗ еа големи (Default) 

Nene 

Moves the column pointer to column 19. 
Created from ARG, various PARG segments 
CHARS 

Prints the EBCDIC value of CHARS. 
Created from ARG, various PARG segments. 
NUM 


Prints the integer value of NUM. 
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РЕСМОМВ----------- Created from PARG with a Sup ОЕ “DECIMALE 
Attributes: NUM 
Function: Printesa the decimali value of NUM (con 


sidered to be in parts per thousand 
Lexology for encoding X-Vector: 


XSTMNT (Condition) Created from STMNT, XSTMNT. 

Attributes: SUP, LABL, MOD, XARGA through XARGH. 

Bünetien: Segments representing action records are 
processed to initiate action creating 
entity allocations and store pointers 
to the allocation in 'BLKDIR'. 

XSTMNT (Default)---Created from STMNT 

Beeributes: SUP, LABL, MOD, XARGA through XARGH 

Einetıon: A segment with NOCOPY, 'COMMENT', 'EQU', 
Or SIMULATE I conditions is not applicable 
COX Vector and goes to null. A segment 
НЕН SOI OI SEIZE"; or RELEASE" is 
changed to one with a SUP of "ENTER" or 
'LEAVE' as X-Vector only recognizes storages. 
A segment with a SUP of 'STORAGE' creates 
segments representing a STORAGE and QUEUE 
segments with a SUP condition create seg- 
ments that represent blocks with the same 
name ae Ене ӘШБ “А сеспепс with an attribute 
of XYLAST creates segments initiating the 
cüt üt Sor ile FUNCTION: follower сага = ей 


X-Y coordinates. 
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ЧЛ О Кол == -— Created From XSi with ОУ СОР Of) STORAGE = 


Attributes: Those of a XSTMNT segment with a SUP of 
' STORAGE'. 
ae ise ti: Segments representing STORAGES are pro- 


“essed to Create a STORAGE allocation in 


ТЕ 
OALL -------------- Created from XSTMNT with a SUP of 'STORAGE'. 
Attributes: Same as STORALL. 
Bünetcion: Same as the STORALL function only for QUEUES. 
БЕНЕН ee Created from STORALL, OALL, and XSTMNT 


with a SUP of 'TABLE'. 

Attributes: INDX: 

Puneet Lon : Updates the master X-Vector pointer, at- 
tribute FX OF MEMORY ato point to the last 
element of allocations for STORAGES, QUEUES, 
OFSTABLES. 

ae _—_—_—- Created from itself or XSTMNT with an 
attribute of XYLAST. 

Attribute: Those of the segment from which it was 
created plus NOPTS. 

Bümeraon: Creates ап ХАЕС segment to assign the x 
value of the X-Y pair to the attribute 
DATA and a segment representing the value 
of the Y value. 


NXARG- -- - - -- - - - - - Created from XXYOUT. 
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Attributes: 


Function: 


VALTYPE----------- 


ДЕГ пес; 


Function: 


Attributes: 


Function: 


Attributes: 


Function: 


PTRDIR------------ 


Attributes: 


Those of the segment XXYOUT from which 

it was created. 

Creates an XARG segment to assign the Y 
value of the X-Y pair to the attribute 
DATA. 

Created from XSTMNT with an attribute of 
XYLAST. 

All attributes of the XSTMNT segment from 
which it was created. 

Outputs a 1 to the left half of an X-Vector 
element if the X value of a pair is a 
decimal. 

Created from VALTYPE 

All attributes of the XSTMNT segment from 
which it was created. 

Outputs al to the right half of an. xX-Vecvor 
clemen E CA Ue о decimal. 
Created from XSTMNT with a SUP of 'END'. 
Those of the named record of which it is 

а сору. The named record is a list of 
pointers to specific entity allocations. 
Creates segments with attributes assigned 
the values of the number of a specific 
entity and a pointer to the directory 
allocation and creates PTRDIR. 

Created from PTRALL. 

Those of PTRALL from which it was cre- ed, 


plus LC. 
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Function: 


oof. ———————— 


Attributes: 


Function: 


ШИНБАСК--------- 


Attributes: 


Function: 


Attributes: 


Function: 


Attributes: 


Function: 


XMODFLD---------- 


Attributes: 


Function: 


Creates a segment with attribute RIGHT as- 
signed the value of a pointer to a specific 
enis oc dd one 

Created from XSTMNT with a SUP of 'END'. 
None. 

The value of a pointer to the free storage 
area of X-Vector is put into attribute 
RICHE and its location, 25; in IX. 
Created from XSTMNT with a SUP of 'END'. 
Шо е от ЕДЕН ОЕ вые ЕС. 

Causes the value of BLOKNO to be inserted 
lrOo sr [S proper A Vector location: 

Created from XSTMNT with a SUP or 'RMULT'. 
XSTMNT (Default) 

SUP, LABL, MOD, XARG through XARGH 

Causes eventual output of the first 3 
arguments of a Block allocation, seed or 
select allocation. Creates segments XARGDH 
and XMODFLD. 

Created from XARGAC. 

Primarily SUP and XARGD through XARGH 
Causes eventual output of the value of 
XARGD through XARGH. 

Created from XARGAC. 

SUR- MOD sor XMOD. 

Causes code -33 and code for MOD type to 
pe entered in last element of a BLOCK 


lle ODA eE Duce 1S presen 
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Causes entry of pointer to original action 
record in right half of the last element. 
PRICE L.Dra-- ---- nr Created from XARGAC, XARGDH, XSTMNT with 
a SUP of 'FVARIABLE'. 
Attributes: APTR. 
Function: Causes output of argument value codes to 
SNA elements of a Block allocation. If 
an argument is missing, an element is as- 
signed, as an argument's position indicates 
vhaensargument IC 15. 
SETDIR------------ Created from STORALL, OALL, XSTMNT with 
a SUP of 'TABLE', XSTMNT (Default) 
Attributes: DIR, LABL, INCREM if SUP is 'FVARIABLE' 
or XSTMNT has no condition on the left. 
Function: Saves pointers to the allocations for 
all entities in a record pointed to by 


the value of DIR. 
Morphology for encoding X-Vector: 


A ----------- Created from XSTMNT with a SUP of 'FUNCTION', 
XXYOUT, NXARG, and XARGFLD. 
Attributes: DATA 
Function: Segments are created depending on the type 
of the value of DATA, segments may be 
РАВ NUMBER Or NULL. 
ХРАВС------------- Created from XARG 
Attributes: Those of the segment from which it wa: 


created plus IPDP. 


° 1 





ШО ЕТОЙ: 


Attributes: 


Function: 


HEEL, LL LL LL E 


Aeerıbutes: 


Attribute: 


Function: 


Attributes: 


Function: 


TNUMBER----------- 
DX bHECS: 


Function: 


Causes an output to the X-Vector primarily 
for each argument of a BLOCK allocation. 
Created  fromexoIMNT with a SUP oft ' РОСТОМ 
XMODFLD (No Conditions), XPARG segments with 
a SUP of 'SNAREF', 'PARAMNO', 'TRANSTIM', 
'RANDM', 'NORMAL', or XPARG segments with 
attributes of MEAN and STDEV, XYLAST. 

LEFT, RIGHT, NAM from a segment with a SUP 
Of C 'ONAREE S 

Causes a negative code value to be entered 
in the left half of an element as required 
for identification by the simulation routine. 
Created from a variety of segments. 

INDX from various segments, IX from some 
segments, LEFT and RIGHT from all segments 
creating XVECTOR. This value may be 0. 
Created from XARGFLD. 

NSNA 

Skips elements in Block allocations if that 
argument ls not there. 

Created from XPARG in the set 'ABSTIME'. 

NOM ONITS: 

Adjusts any times mentioned in the problem 
wlth units not the same as the basic time 
ümit. 

Created from TIMARG 

Indicator XUSW and attribute NUM or ji :t NUM. 
Creates an XVECTOR segment if XUSW is set, 


otherwise a NUMBER segment is created. 
22 
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